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DescripiilODi 

The present invention relates to nucleic acid fragments encoding a herbicide-resistant form of the enzyme acetol- 
actate synthase (ALS). 

5 Sulfonylurea herbtctdes such as sulfometuron methyl (I) and chlorsulfuron (II) inhibit growth of some bacteria, yeast 
and higher plants by blocking acetoiactate synthase [ALS> EC 4.1 .3.18], the first comnrton ^yme in the biosynthesis 
of the branch^H:hain amino acids valine, leucine and isoleucine. The biosynthesis of branched-chain amino acids and. 
hence, the toxicity of sulfonylurea herbicides is restricts to plants and microbes. ALS Is also inhibited by a structurally 
unrelated class of herbicides, the imtdazolinones. 
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35 Three major isozymes of ALS, designated I. II and HI, have been identified in enteric bacteria. Isozymes I artd III, 
but not II. are sensitive to end-product inhibition by valine. Each of the three bacterial isozymes comprises a large and 
a small protein subunit ALS Alzymes from the yeast Saccharomyces cerevisiae and from some higher plant^tiibre 
been partially characterized and show some degree of end-product inhibition. It Is not known If the yeast and plant ALS 
enzymes consist of one or more different polyp^tdes. Evidence suggests that the cellular locations of the y^st artd 

40 plant ALS enzymes are in the mitochondria and chtoroplasts, respectively 

Genes encoding ALS enzymes have been isolated from the enteric bacteria Salmonella tvphimurium and 
Escherichia coli. artd the yeast S* cerevisiae . The nucleotide sequences of the genes coding for the two subunits of g. 
CQli ALS isozymes I, II and III show that they are organized as operons ilvBN. ilvGM and ih/IH. respectively. Comparison 
of the deduced amino acid sequences of the large subunrts of the E. ALS isozymes shows three regions with about 

45 50% conserve amino adds, conprising about two*thirds of the proteins, and s^^arated by regtons sharing little cGs- 
cernible homology Amino acid sequence conservation, though less extensive, is also eviderrt among the small sutxjnits 
of the bacterial isozynf>es. In the yeast S. cerevisiae. a single gene. ILV2. essential for ALS activity was identified. Nucle- 
otide sequence analysis of the ILV2 gene has revealed that the polypeptide encoded by it is honrtologous to the large 
subunits of the bacterial ALS isozymes. The deduced amino acid sequence of the yeast ALS shows the same degree 

so of structural organization and the same degree of homology as is observed between the large ajbunits of the bacterial 
isozymes, except for about ninety amino adds at the amino terminus of the yeast protein that are believed to be involved 
in the translocation of the protein into the mitochondrion. No information on the structure of plant gen^ encoding ALS 
or the amino add sequence of plant ALS enzymes was available prior to the inventions disdosed herein. 

Enteric bacterial isozyme I is the only ALS in nature that is known to be insensitive to inhibition by sulfometuron 

55 methyl and chlorsulfuron. Therefore, enteric bacteria are sensitive to th^e hert>ictdes only in the presence of valine, 
which inhibits isozyme I. Sulfonylurea herbidde-resistant mutant forms of the enteric bacteria SalnnHPnelta tvphimurium 
and £. cqH (selected in the presence of valine), the yeast §• ffgrg^ifiiag and the higher plants Nicotaiarta tabacum 
(tobacco). Arabidopsis thaliana and ijga mays (corn) have been identified. These mutant phenotypes cosegregate with 
herbidde-resistant forms of ALS through genetic crosses. In S- typNmurium the herbicide-resistance mutations are 
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genetically Bnked to a geie encoding ALS. and in £. cofi and & cerevisiae. these mutations reside in the structural 
genes for ALS. In the higher plants the mutations re^nsble for the resistance are inherited as single, dominant or 
semidominant nucl^r traits. In td3acco. these mutations map to either of two unlinked genetic loci. 

The chemical control of urKjestrable we^s associated with agronomically useful crops r^uires the use of highly 

5 selective chemical herbicide. In some cases, it is difficult to identify any chemical which kills weecte without injury to 
the crop plant The introduction of herbtctde-resistance as a t»ological trait In crop plants would overconrta this difficutty. 

Atthoi^ many genes involved in the structure and function of differentiated plant tissues and organs are not 
expressed in undiffer&rtiated tissues, those involved in basic ceDular functions are expressed and can be selected for 
in a disorganized callus or cell susp^sion culture. This has been demonstrated in many cases by the selection of a 

10 phenotype in tissue culture from which plants expressing the same phenotype have been regenerated. Examples 
include the ifl vitro selection of plants resistant to herbicides, pathotoxins or disuses, antbbtics. amirto acid ana- 
logues, salt tolerance, eto. (review^ in Chaleff. 1981 ; Evars et al. 1983: Vasil. 1986). 

Since acetolactate synthase is an enzyme involved in the basic cellular metabolic activity of amino actd biosynthe- 
sis, it was expected and has been demonstrate that genes encoding this enzyme are expressed in callus tissue as well 

IS as the whole plant. The sulfonylurea resistant tobacco mutants described in this patent. S4. C3 and Hra. were forst 
selected in tis^e culture and subsequently regenerate into whole plants in which the resistant phenotypes were 
retained in a genetically stable manner (Chaleff and Ray, 1984). Callus tissues derived from regenerated plants or their 
progeny continue to grow on concentrations of the herbicide which Inhibit the growth of wild type callus. TTius resistance 
to a sulfonylurea herbicide at the plant cellular level is predictive of resistance at the whole plant level. In addition. H has 

20 been demonstrated in bacteria, yeast and higher plants that mutations resulting in the production of hert»cide resistant 
ALS are sufficient to confer resistance at the cellular level and. In the case of plants, at the whde plant level. Therefore, 
the observation of herbicide-resistant ALS in extracts of plant cells is also preictive of herbicide resistant growth of cul- 
tured plant celts and herbicide resistant growth of whole plants. 

There are limitations to obtaining herbicide-resistant crop plants through tissue culture or seed mutagenesis: 1) the 

25 tissue culture metiiod is restricted to those crop species that can be manipulate in and regenerated from tissue culture. 
2) plants derived from see mutagenesis, and possibly from tissue culture, might have non-desirable phenotypes which 
would require multiple genetic backcrc^ee to eliminate, and 3) transfer of the resistant gene by breeing would be 
restricte to cultivars of the same species as well as require multiple genetic t^ck crosses. Therefore, the isolation of a 
nudeic actd fragment able to confer herbicide resistance artd its subsequent intreuction into aops through genetic 

30 transtamation should allow rapid, cross-species transfer of herbicide resistance and overcome nany of the above men- 
tione limitations. 

Although genes isolate from one plant have been intreuce and expresse In other plants, non-plant genes have 
been expresse in plants only as chimeric genes in which the coding sequences of the non-plant genes rave been 
fuse to plant regulatory sequences require for gene expression. However, it would be drfftcult to intreuce herbiccde 

3S resistance into plants by intreucing chimeric genes consisting of bacterial or yeast genes tor herbicide-r^istam fornr% 
of ALS, since (a) these microbial ALS enzymes are believe to lack a ^edf Ic signal (transit) peptide sequence require 
for uptake into plant chloro^tasts, the cellular location of plant ALS, (b) the t>acterial isozymes consist of twcMSifferent 
polypeptide subunlts. and (c) the microbial ALS enzymes rr^ not function optimally In the foreign cellular ^ivironment 
of higher plants. Therefore, there is a nee for nucleic add fragments (1) which encee a herbicide-resistant torm of 

40 plant ALS. and (2) which can confer herbicide resistance when intreuce Into herbidde sensitive plants. 

According to one aspect of the present Invention, there Is provide a nucleic acid fragment comprising a nucleotide 
sequence encoding plant acetolactate synthase with increase resistance to one or more suHonylurea herbicides. The 
nudeottde sequence comprises at least one sequence which ence^ one of the substantially conserve amino acid 
sub-sequences designate A. B. C. D. E. F ae G in Figure 6. The nucleic acid fragment is further characterize In that 

45 at least one d the following coeitions is met: 

a) the nucleic add fragment has a sequence which encodes an amino add sub-sequence A wherein is an amino 
acid other than alanine, and/or £2 is an amino actd other than gfydne. 

b) the nucleic add fragment has a sequence which encees an amino acid sub-sequerx;e B wherein is an amino 
50 acd other than proline, 

c) the nudec acid fragment has a sequence which encodes an amino acid sut>-S6quence C wherein 62 is an amino 
acid other than alanine. 

d) the nucleic add fragment has a sequence which encees an amino add sut>-s^uence D wherein is an amino 
acid other than lysine. 

55 e) the nucleic add fragment has a sequence which encees an amino add sub-sequertce E wherein yi is an amino 
actd other than aspartic add. 

f) the nucleic acid fragment has a sequence whidi encees an amino add sub-sequence F wherein P3 is an amino 
acid other than tryptqahan, and/or Ps »s amino acid other than valine and/or ^ is an amino ackJ other than phe- 
nylalanine, and 



3 



EP 0 730 030 Al 

g) the nucleic acid fragment has a sequence which encodes an amino actd sub-sequence G wherein is an amino 
acid other tf^ methionine 

In another embodiment the Instant invention provides a nucleic actd fragment encoding plant acetolactate syn- 
5 these which Is capable of being incorporated Into a nucleic ac^ construct suitable for transforming a plant containing 
wild-type acetolactate synthase which is s^srtive to a sulfonylurea herbictde connpound. sa^ nudeic actd fragment 
having at least one point mutation relative to the wild-type nudeic actd fragment encodir^ plant acetotectate synthase 
such that upon transformation with said nudeic add construct said plant contains sakj nucleic acid fragment and exhib- 
its incr^s^ resistance to the application of said sulfonylurea herbidde oompourtd. 
10 In another enrt)odiment. the present invention provides an acetolactate synthase protein which is resistant to a ^1- 
fonyturea herbictde compound comprising an amirra add sequence wher^n a substitution of at least one amino add 
has occurred. 

In still another embodiment, the present invention provides nucleic actd constructs, monocotyledonous and dicoty- 
ledonous plants, and tissue cultures which contain the specified nucleic actd fragment The invention further (Kovidss 
75 methods for transforming plants with the specified fragments, selecting transformed plant cells, and gro^/tng trans- 
formed plants. 

The present invention also provides a method for selecting plant cells transformed with the nudeic accd fragment 
of the present invention The method comprises introducing the fragment irno plant cells whose growth is sensitive to 
inhibition by herbicides to which the ALS encoded by the fragment is resistant to form a transformed plant cell. The 

20 trar^formed plant cells whose growth is resistant to the selected herbicide are identified by selection at a herbictde con- 
centration which inhibits the growth of the untransformed plant cells. 

In another a^ect, the present invention is a method for controlling unwanted vegetation growing at a locus where 
a herbicide-resistant agrononrncally useful plant (transformed with the nudeic actd fragment of the present invention) 
has been cultivated. TTie method comprises applying to the loci^ to be protected an effective anrount of herbictde. In 

25 still another aspect, the present invention provides a nucleic add construct wherein a nudeic actd fragment encoding 
plant acetolactate synthase with increased sulfonylurea hert»dde resistance as hereinbefore described is linked to a 
second nucleic acid fragment conferring a second trait such that when said nudeic actd construct is utilized to trareform 
a plant, the expression of herbictde resistance by said plant upon application of sulfonylurea compounds can be utilised 
to detect the presence of said second nucleic add fragment In said plant 

30 

Brief Description of the Drawings 

Figure 1 is a physical map of nucleic add insert fragments containing ALS genes isolated from a genomic library 
of DNA from the tobacco Hra irtutant. 
3S Figure 2 is a diagram of plasmid pAGSl52 showing a physical map of the nucleic acid fragment from tobacco 
encoding a herbicide-resistant ALS. 

Figure 3 is a physical rr^ ot a nudeic add insert fragment in phage clone 35 isolated from genomic lik>rary c^tJRA 
from the tobacco C3 mutant. ^ 

Figure 4 is a nucleotide sequence, and the cognate deduced amino add sequence, of a gene from the Hra mutant 
40 of tobacco encoding a hertMCtde^resistant form of ALS from tobacco. 

Figure 5 is a nudeotide sequence, and the cognate deduced amirx) add sequence, of a gene from the C3 mutant 
of tobacco encoding a hert^icide-resistant form of ALS. 

Figure 6 is a comparison of deduced amino actd sequences of the large subunits of t>acterial ALS and the yeast 
and plant ALS enzyme. 

45 Rgure 7 is a physical map of a nucleic acid tns&X fragment and sut>-fragments derived from phage clone 21 iso- 
lated from a genomic literary of sugart>eet DNA. 

Figure 8 is a comparison of deuced amino acid sequ&Kes of plant ALS enzymes. 

The present invention provides specified nucleic acid fragments which confer herbidde resistance when introduced 
into hert^dde-sensitive plants. As used herein, the term 'nudeic add fragment** refers to a linear segment of single- or 

so double-stranded deoxyribonucleic actd (DNA) or ribonucleic actd (RNA), which can be derived from any source. Prefer- 
ably, the nudeic add fragment of the present inv&itton is a segment of DNA. The term "plant" rei&s to a photosynthetic 
organism including algae, mosses, ferns, gymnosperms. and angiosperms. The term, however, excludes prokaryotic 
and euKaryotic miaoorganisms such as bacteria, yeast, and fungi. "Plant cell" includes any cell derived from a plant, 
irtcludtng undifferentiated tissue such as callus or gall tumor, as well as protoplasts, and embryonic and gametic cells. 

55 The term "plant acetolactate synthase** refers to the specified enzyme when expressed in a plant or a plant call. The 
term 'nucl^ttde sequence** refers to a polymer of DNA or RNA which can be single- or double-stranded, optbnally con- 
taining synthetic, non-natural.or altered rtudeottdes capable of incorporation into DNA or RNA polymers. As used 
herein, the expression "substantially conserved amino acid sequences" refers to regions of amino add honrology 
between polypeptides conprising ALS enzymes from different sources. In the present invention seven substantially 



conserved amino ac^ sequences, designated A. B. C. D. E, F. and G are shown in Figure 6. One skilled in the art could 
align the amino add sequences o? ALS enzymes from different source to the schematic of Figure 6 to tdentrfy the seg- 
ments theren which are the substantially conserved amino add s^uences ddtned herein. The skilled person could 
then determine whether the identified segments have the characteristics disclosed and claimed in the present applica- 

5 tion. It is to be understood that the expression includes modifications of the s^ments which do not adversely affect the 
activity of the ALS enzyme. Ihe term "nucleic acid construct" refers to a plasmcd. virus, autonon^usly replicating 
s^uence. phage or lin^r segment of a single- or dout^le-stranded DMA or RNA. derived from any source, which Is 
capable of introdudng a niK:leic add fragment Into a biological cell. 

"Regulatory nucleotide sequence", as used herein, refers to a nucleotide sequence bcated 5' and/or 3* to a nude- 

10 otide sequence whose transcription and expression is controlled by the regulatory nud^ntde sequence in conjunction 
with the protein synthetic apparatus of the cell. As used herein, a "regulatory nudeotide sequence" can include a pro- 
moter region, as that temi is conventiorally empic^^ by those skilled in the art A promoter region can indude an asso- 
ciation region recognized by an RNA polymerase, one or more regiors which control the effectiven^ of transaiptton 
initiation in response to physiological conditions, and a transaiption initiation sequ^ce. 

75 "Transit peptide" refers to a signal polypeptide which Is translated In conjunction with a polypeptide encoded by a 
product nucleotide s^uence. forming a polyp^ide precursor. In the process of transport to a selected site within the 
cell, tor example, a chloroplast, tiie transit peptide can be cleav^ from the remainder of the polyp^de precursor to 
provide an active or mature protein. 

"Herbicide," as used herein, refers to an antibiotic compourtd which inhibits the metabolism, growth, or replication 

20 of plant cells or whole plants. Cells transformed with a corstruct of the present invention exhibit selectable cross-r^ist- 
ance to certain structurally related sulfonamide compounds effective as bro£uJ-^ectrum preemergent and pc^emer- 
gent 'hert)iddes. As used herein in a generic sense, "sulfonylurea herbicides" refer to N- 
(heterocydicaminocartx)nyf)arylsulfonamtde compounds exhibiting broad-spectrum herbicidal activity and low mam- 
malian toxicity. "Selective concentration" refers to a concentration of an inhibitor or antibiotic compound, for example, a 

25 herbidde, which is capatHe of inhibiting the metabolism, growth, or multiplication of a wild-type cell or organism. Such 
an organism, as well as dones thereof, is referred to as a "sensitive" organism or cell. "Resistance" refers to a capability 
of an organism or cell to grow in the presence of selective cortcentrations of an inhibitor. In relation to particular 
enzymes or proteins, "sensitive" indicates that the enzyme or protein is suscepttole to specif ic inhibition by a particular 
inhit»ting compound, tor example, an antibiotic or herbidde. In relation to particular enzymes or protests, "resistant" 

30 indicates that the enzyme or protein, as a r^uit ot a different chemical structure, expresses activity in the presence of 
a selective cc^centration of a specific inhibitor which inactivates sensitive variants of the enzyme or protein. The term 
"selectable genetic market" refers to a nucleotide sequence which, when incorporated into the genome of an organi&n, 
allows growth of that organism and its progeny urrder conditions which inhibit growth of the organism lacking the 
selectable genetic nr^rker. For example, a g&ie which encodes an enzyme that is resistant to ^ecrfic inhibitbn by a 

35 particular antibtotic compound, such as a hertMcide. can function as a e6lectat>{e genetic mark^ by altowing an organ- 
ism, such as a plant to grow and propagate in the presence of a selective concentration of the compound. A second 
nudeic add fragment, controlling a property which is difficult to as^y, can be covalentiy linked to tiie selectabla^enetic 
nrtarker. in which case the presence of the &electat)le marker, indicated by growth of an organism urtder selective con* 
ditions. can be used to detect an organism containing the second nudeic acid fragment 

00 

Preparation of Df^A Fraoments Encoding Herbicide-Redstant ALS 

Callus cultures of sensitive tobacco (Micotiar^ tatmcum var. Xanthi) were exposed to sulfometuron methyl at 2 ppb 
according to the method described by Chaleff, U.S. 4.443.971. Resistant cell lines designated 03 arrd S4 were 

45 selected. Standard genetic analysis of plants regenerated from these cell lines indicated that the C3 and S4 lines each 
canted a single semi-dominant nuclear gene mutation resporsit^le for the herbicide resistance trait and that the 03 and 
S4 nuitations were not genetically linked, i.e. were in different genes designated SURA and SURB. respectively. The 
03 and 84 lines were shown to produce ALS enzyme activity one-hundred fold more resistant to the sulfonylurea her- 
btddes chlorsjtfuron and suttomenturon methyl than ALS from wiki type. Production of hertNdde redstant ALS activity 

so cosegregated in genetic crosses with residence to growth inhibition by the herbicides. The observation of two different 
genes tfiat had mutated to form herbicide resistant ALS was not unexpected because tat>acum is believed to be an 
allotetraploid plant forn^ from ^ tomentositormis and R sytvestris. essentially containing two complete genomes. 
Thus, the S4 and 03 cell lines each contain one nuitant ar^ one wito type ALS gene. The S4 cell line was exposed to 
sulfometuron methyl at 200 ppb, a selective concentratfon which completely inhbits the growth of S4. Cell lines r^ist- 

55 ant to 200 ppb were identified: one such line was desigrtated Hra. Hra was shown to tolerate concentrations of ailfo- 
meturon metfiyt one thousand times greater than that required to completely inhibit the growth of wild type callis. Hra 
was shown to be aoss resistant to chloraitfuron. Pteints were regenerated from Hra callus culture. Genetic analysis of 
the plants denrtonstrated that tiie Hra and S4 mutations were linked indicating that the Hra line contained a second 
mutation in the mutant gene of the progenitor S4 line. ALS activity in extracts of leaves of wild type and hontozygous 
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Hra mutant tobacco plants was determined. The ALS activity in the extract from Hra mutant plants was about one thou- 
sand fold more resistant to chlorsuKuron than was the activity of the wild type plants. Hra mutant plants were furth^ 
shown to be cross resistant to the foliar application of the following compounds: 

5 • 2-[4.5-cShydro^-methyl-4-(1-methylethyl)-5-OMO-1HHmida20l-2-yO-3i5yrtd acK3, (1-methyIethan- 

amine) salt; 

5-ethyl-4.5<lihydro-2K4-methyl-4-(1-methylethy0-5-OKO-1H-imida2Ol-2-yn-3i)yrkj' 
2-(2-chlorosthoxy)-N-I(4<nethoxy-6-methylO.3.5-tria2in-2-y0aminocartxnyl]ben2eneaife 
2<hloro-N-[(4-methoxy-6-methyl-1.3,5-trla2in-2-yOamjrTOcart)onyObenzenesuto 
10 « 2-[[(4K;hloro-6-methoxyi^midin-2-yl)aminocartx»nyl]aminosulfonyl]benz^ actd. ethyl ester; 

N-[(4,6<iimelhaxypyrimkiirh2-yOaminocarbonyO-2,3<Jihydro-2-melhylban20tp]thi 1 ,1-di03f- 

Ede; 

7<hloro-N-[(4,6-dimelhOKypyrimkJin-2-yOaminocartx)nyO-3.4<Jihydro-2-m 
mide, S.S-dioxide; 

75 • 2-[[(4-metha«y-6-methylpyrimidin-2-yOaminocarbonylJaminosulfonyO-6H7iethylben20ic ackJ, methyl ester; 

• 5.7-dimethyI-N-(2-methyl-6-nitrophenyO[1 2.4ltria2olo[1 .5-A]pyrimidin-2-sulfonanmde; 
2-[4.5-dihydro-4-methyl-4-(1 -methylethyl)-5-oxo-1 H-imtda20l-2-yl]-3-quinollnecait)Oxylic acid; 

• 6-(4-i6oprcpyl-4-methyl-5-oxo-2-imtda20lin-2-yO-m-toluic acid and B-toluic acid, methyl esters; 

• 2-([(4.6-dimethylpyrimidin-2-yl)aminocarbonyOaminosulfonylJben2oic acid, methyl ester; 
20 « N-(2,6-dichlorphenyD-5.7-dimothyl[1 ,2,4]tria20lo [1 ,5-A]pyrimidin-2-su!fonamide; 

N-(2-chloro-6-methylphsnyl)-5,7-dimethylI1 ,2,4]tria2o!o[1 ,5-AJpyrimidin-2-sulfofmmtde. 

In order to done a herbickJe resistant ALS gene, tot^cco DNA was isolated from the S4 homozygous mutant line 
of Nicotiana tabacum . 50 g portions of callus tissue were frozen In liquid N2. and then tyophllized. The resulting dried 

25 tissue was then ground at about 23''C in a blender, using 15 second bursts, until powdered. Ten volumes of a sucrc^e 
buffer (0.3 M sucrose, 50 mM Tris-HCI pH 8.0, 5 mM MgO^ were added, and the resulting suspension was incubated 
at 0*^0 for 5 n^nutes. The su^ension was then filtered through cheesecloth, artd centrifuged at 350 k g tor10 minutes. 
The nuclear pellet was then resuspended in lysis buffer (20 mM EDTA. 50 mM Tris-HO pH 8.0. 1% Sartosyl). CsG 
added to provide 0.95 g per mL buffer, and the resulting mixture centrifuged at 1 7,000 x g for 20 minutes 4\ Ethidlum 

30 bromide was added to the resulting supernatant to a concentration of 400 ^g per mL. the retractive irrdex was adjusted 
to 1.39. and the resulting solution centrifuged at 90,000 x g in a Beckman Ti70 rotor at 20^0 for 3 days. The resulting 
fluorescent DNA band was removed from the g-adient. and treated with isopropand to exfract the ethldium bromide. 
Finally, the DNA was dialyzed against TE buffer artd precipitated by addition of ethanol. 

A Nicotiana genomic literary was prepared from this DNA as follows, using the phage lambda vector EMBL4 

3S described by Fri&chauf et al.. Mol. Bio. 170 :827 (1983). EMBL4 phage was prepared from agarose plate stocks pre- 
pared by the method of Davis et al; Advanced Bacterial Genetics. (CoU ^ring Harbor Laboratory. New \brk, 1^). 
Phage DNA was prepared as described by Silhavy ^ al.. Experiments with Gene Fusions. (Cold Spring Harbor*tSBb- 
ratory. New York, 1984). by concentrating phage with polyethylene glycol, removing the polyethylene glycol by chloro- 
form extraction, and purifying phage using glycerol step gradiems. The resulting purified phage was then freated with 

40 deoxyribonudease artd rib»onudease prior to phenol extraction. Phage DNA was spoded from et^mrK)!. To prepare 
arms of the EMBL4 phage, phage DNA was sequentiaDy digested with ggi I and Bam HI endonudeases. The arms 
were annealed and then separated from the confral fragment on a 10-40% sucrose gradient as d^crbed by Maniatts 
et al.. Molecular Cloning: A Laboratory Manual . (Cold Spring Hart)or Laboratory. New \brk, 1982). The arms were com- 
pletely denatured and reannealed prior to ligation to tobacco DNA. Tobacco DNA. prepared as previoi^y described, 

45 was partially digested with Sau3 A endonudease and secfimented through a 10-40% sucrose gradient. Fractions from 
the suaose gradient were then analyzed by electrophor^ts on 0.5% agarose gels. Fractions comaining fragments in 
the 20-40 kb size range were dialyzed. precipitated, artd ligated to the lambda phage DNA arms. The DNA was ligated 
at a concenfration of 135^g per mL vector and 45 ^g per mL insert dTsIA. The resulting ligated concatamers were then 
packaged using lambda DNA packaging extracts. The resulting yield of phage was approximately 4.5 x 10^ phage p^ 

50 ^g insert DNA. A Ifbrary of approximately 400,000 phage was constructed, represerrting an estimated 99% complete 
library for tobacco, which has an approxinmte genomic oorrtent of 1.65 pcograms. or 1 .52 x 10^ base pairs (Zimmer- 
man, et al., Chromosoma 52:227 1977). 

The resulting phage library of Nicotiana DNA was grown and plated on ^ stain tJE392 (ATCC 33572), as dis- 
closed by Silhavy et al.. Experiments with Gene Fusions. (Coid Spring Hartior Laboratory. New Vbrk. 1984). Phage 

55 were plated to provide 2000-5000 plaques on 90 mm petrt dishes or 50.000 plaques on 150 mm petri dishes. Plaque 
lifts were done by the method of Benton et al.. Sdence 1^:1^ (1977). Following transfer of phage DNA to nitrocellu- 
lose filters, the filters were prehybrtdized by incubation for about 4 hours at 56''C in 6 x SSPE corrtaining 0.5% SDS, 100 
^g per mL denatured calf thymus DNA. and 10 x Denhardt's solution. Hybridization was then accomplished as 
described by Maniatis. et al., Molecular Cloning: A Laboratory Manual. (Cold Spring Harbor Laboratory. New York. 
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1982) p. 326. In this st^. a fresh aliquot d hybridization solution was added, together with about 10^ qpm of the radi- 
oactive yeast ALS gene probe. Hybridization was allowed to occur for about 24-48 hours at SS^'C At this point, the f Oters 
were first rinsed for about 4 hours in 6 x SSPE at 58''C, then rinsed three additiCHial times for 20 nrunutes each in 2 k 
SSPE at abort 23*C. The filters were than dried and exposed at -70**C for 2 days, using Kodak XAR or XRP x-ray film 
5 and a Du Pont Cronex® Lightning Plus™ int^isifying saeen. Expose spots on the fBm indicated the position of 
plaques potentially containing Ntcotiana ALS genes. 

The autoradiograms prepared as descrS>ed above were then orients over the original bacteriophage-containtng 
petri dishes. Using the wide end of a sterile Pasteur pipette, plaques corresponding to the darkest spots on the autora- 
diograms were excised. The plaques selected were then elut^ into SM buffer stkI plated onto fresh SO mm petri dish^. 
10 Each dish received about 1 00-200 phage. The complete phage location process was then reiterated, using freshly pre- 
pare probe. In this manner, the phage location and isolation steps were repeated untO the majority c/f plaques indicated 
the presence of phage containing DMA capable of hyt>ridization to the yeast ALS gene probe. 

Mini-preparations of DNA from the plaque-purified phage designated NtA13 were isolated as described artd 
worked up as descrtoed by Maniatis et al. Molecular Cloninq: A Lab oratory Manual (Cold Spring Harbor Laboratory, 
75 New York, 1982), p. 371. E^qRI restriction ertdonuclease digests of the DNA nrdni-preparattons were electrophoresed 
through 0.7% agarose gets and blotted onto nitrocellulose filters. Fragments containing the ALS gene were then cden- 
trfiKi by hytxidization with the y^st ALS gene probe. Fragments capable of hybridization to the probe were then iso- 
lated and subcloned into vectors pBR322, M13mp9. or Ml3nrtp18. These fragments were then sequenced using 
oligonucleotide primers in a ddeoxy chain termi ration procedure conducted substantially as described by Sanger et al- 
so Proc. Natl. Acad. Sci. USA 24:5463 (1977). A Wt availat»te from New England Biolabs (Beverly, Massachusetts, U.S.A.) 
was employed. Use of synthetic oligonucleotide primers allowed extension of a DNA sequence along a cbned fragment 
in overlapping segments. Computer analysis of the DNA sequence identifi^ a 667 oodon open reading frame. The 
deduced amino add sequence of this open reading frame was substarrtially homologous to the sequence previously 
determined from the Sacharomvces cerevisiae ILV2 gene and the E. itvQ gene. Indicating that the DNA fragment 
25 recovered from the Nicotiana genomic \hrary contained a tobacco ALS gene. To determine wheth^ this ALS gene 
encoded the wild type hert^icide sensitive enzyme or the mutant herbicide resistant enzyme from the S4 line, the gene 
was introduced into wild type herbicide senstive tobacco by Aorobacterium tumefaciens mediated transformation. 

A genetic marker for selection of transformed plant cells was r^uired. Resistance to the antibiotic G-418 resulting 
from expressbn in plants of a bacterial gene. NPT II. encoding neomycin phosphotransferase was used. To allow 
30 expression of NPT II . plant regulatory sequences were fused to the NPT II coding r^lon In the vector pKNK. Vector 
pKNK was derive from the commonly used plasmid pBR322 by removing the Hind III and Bam H I sites and Inserting 
at the I &rte an approximately 2.3 kb I fragment which consisted of the following: 

a) a 320 bp l-Sgi tl sequence containing the promoter region of the neomycin phosphotransferase (NPT If) 
3S gene of transposon Tn 5 derived by the conversion of a Hind III site to the da I site [Beck, E.. LudwIg. G., Auer- 

swatd. E. A. Reiss. B. & Schaller. H. (1982) Gene 1^:327-336]. 

b) a 2S6 bp Sau 3A-P^ I sequence containing the nopaline synthase pronrrater (NOSP) d^ived from th6tt^>aline 
synthase gene (NOS) (nucleotides -263 to •^33. witii respect to the transcription start site [Deplck^, A.. Stachel, S., 
Dhaese. R. Zambryski, P & Goodman. H. J. (1982) J. Mot. Appl. Genet 1:561-574] by tiie creation of a Est I site at 

40 the initiation codon. 

c) the 998 t>p tlind III- Bam H I sequence containing the coding sequence for the NPT II gene derived from Tn 5 by 
the creation of blind III and Bam H I sites at nucleotides 1540 and 2518 [Beck. E.. Ludwig, G.. Auerswatd. E. A. 
Reiss. B. a Schaller. (1982) Gene 19:327-336]. respectively 

d) the 702 bp Bam H l-£!a I sequence containing the 3* region of the NOS gene (nucleotides 848 to 1 550) [Depicker. 
45 A., Stachel. S.. Dhaese, P. Zambryski, P & Goodman. H. J. (1^2) J. Mol. Appl. Genet. 1:561-574], 

The nucleotide sequence at the fusion of tiie NOSP artd the NPT II coding sequence is: 

50 WOS Sequence WPT II Sequence 

AATAAT CTGCAG C AACCTT GCGGGGATCGTTCGC ATG 

Pst 1 Hindi I I 



55 

Vector pKNK was cleaved by restriction enzyme Sal I (BRL) and the resultant linear vector, following phenol extrac- 
tion, was joined in the presence of T4 DNA ii^se (New England Biolate) to purified 2.1 kb Sal I fragment carrying the 
bacterial neomycin phosphotransferase I (NPT I) gene as a selectable marker for bacterial resistance to kar^mycin. 
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The ligation mixture was us^ to transform competent soli HB101 cells, and the transfomnants were selected on 
plates containing 100 nrrg/L kanamydn. The resultant recombinant plasmkj, designated pKNKS. was purified. 

Plasmid pKNKS was cleaved with restriction enzyme Eco Rl (BRL). and its ends made b!unt by KlerK^ fragmerrt 
(BRL). The resultant linear DMA was join^ in the presence of T4 DNA ligase (Mew England Bidat^s) to phosphorylated 

5 ggl II linkers. Following extensive digestion with Bgl II restriction enzyme (BRL) to remove the exc^ linkers, the DNA 
was passed through a S^hadex Q*1 50 (fine) (Pharmacia) get filtration column to separate it from the linkers. The DNA 
fra^ent was isolated and the volume adjusted to yield a DNA concentration of approodmately 78 M^g/ml. 1 |il of the DNA 
was self-ligat^ in the presence of T4 DNA ligase (New Englarrd Biolabs) in total volume of 5 ^1 and used to transform 
competent E^ gg^ HB1 01 cells. Ampicillin-resistant cells were shown to contain the plasmid. pKNKSQ. which is identical 

10 to pKNKS exc^ for the replacement of the EsqRI restriction site with that of Bgl II. 

A Sma 1 fragment of phage NtA13 was shown to contain the region that hybridized to the yeast ALS gene. Phage 
NtA13 was partially digested by restriction enzyme Sma 1 (New England Biolabs), and following phenol extraction, 
joined to phosphorylated Bam H I linkers (New England Biolabs) In the presence of T4 DNA ligase (New England 
Biolabs). Following digestion with Bam H I and rentoval of excess linkers by el^:trophoresis on an agarose gel, a 16 kb 

IS Bam H 1 restrictbn fragment containing the tobacco ALS gene from phage NtA13 was isolated from the gel by electro- 
elution and used for further cloning. 

Vector pKNKSG was linearize with restriction enzyme Bgi II (BRL) and, following depho^horytation by calf intes- 
tine phosphatase (Boehringer Mannheim), it was Joined in the presence of T4 DNA ligase (New Englar^ Biolabs) to the 
1 6 kb Bam H 1 restriction fragment derived from phage NtAI 3. The ligation mixture was used to transform competent 

20 csii HB101 cells and an anrpicillin-resietant transformant was shown to contain the recombinant plasmid designated 
plV13. The orientation of the insert fragment in plV13 was such that the open reading frames of the NOSiNPT II gene 
in the vector and the ALS gene in the insert were in opposite directions. HB101 (plV13), following purification by three 
single colony streaking, was us^ for triparental mating. 

Three ml overnight cultures of E ali HB101 (plV13) and E, se!i HB101 (pRK2013) (ATCC number 37159) in LB 

25 liquid medium containing 25 mg/L kanamycin were grown at 37*C. and of Aorobacterium tumefaciens GV3850 in LB 
medium at 28-29^C. The cells were harvested at room temperature in a clinical centrifuge, washed once in LB medium 
without drug, harvested, and resuepended in 3 ml of LB. 0.25 ml aliquots of all three strains were mixed in a tube arrd 
the mixture was transfen-^ onto a Millipore filter (2.5 cm HAWP, 0.45 fim) plac^ on top of three Whatman No. 1 filters 
in a petri dish. After all of the liquid medium was absorbed by the Whatman f Qter (about 30 min). the Millipore f Dter with 

30 bacteria on its top surtace was laid (l>aaerla side up) omo a LB plate without drug. After Incubation overnight at 28- 
29*0. the Millipore filter was transferred to 5 ml of 1 0 mM MgS04 vortexed to resuspend the bacteria in the solution. 
0.1 ml aliquots were plated on selective plates [M9 minimal plates containing 20% suaose. 1 mM MgS04, 1 CaCl2. 
and 1 mg/mi tenamycin (Sigma)]. Several large colonies showed up after about four days of incubation at 28-29'C. 
Several transconjugants were purified by three successive single-cdony streakings on the same selective plates. Only 

35 Aqrobacteria containing the plasmid plV13 recombined with the endogenous pGV3850 plasnrdd through their comnrton 
pBR322 sequences were expected to grow. This was confirmed by Southern analysis t>efore using the engineered 
Aqrobacterium. GVKNT1 3, for'plant transformations. ^'^^ 

For plant cell transformatrons. standard aseptic techniques for the manpulation of sterile media and axanic 
plant/bacterial cuHures were followed. Including the use of a laminar fk>w hood for all transfers. Recipes for meda are 

40 given in Example VL Potted tobacco plants for leaf disk infections were grown in a growth chamber maintained for a 12 
hr, 24*'C day, 12 hr, 20'C night cycle, with approximately 80% relative humWity, urKler mixed cool white fluorescent and 
incandescent lights. Tobacco leaf disk infections were carried out essentially by the method of Horsch et al. (1985) Sci- 
ence 22Z. 1229. 

Young leaves, not fully expanded and approximately 4-6 inches in length, were harvested with a scalpel from 
45 approximately 4-6 week oki tobacco plants (Nicotiana tabacum var. Xanthi). The leaves were surface sterilized for 30 
minutes by subnrrerging them in approximately 500 ml of a 10% Chtorox, 0.1% SDS solution and then rinsed 3 tin^ 
with sterile deionized water. Leaf disks, 6 mm in diameter, were prepare from whole leaves using a sterile pap^ 
punch. 

Leaf disks were inoculated by submerging them for several minutes in 20 ml of a 1 :1 0 dilution of an overnight Agro- 
50 bacterium culture carrying the plasmid GCKNT13. Aorobacterium cultures were started by inoculating 10 ml of YEB 
broth with a single bacterial colony renrtoved form a R-agar plate. The culture was grown for approximately 17-20 hours 
in 18 mm glass culture tubes In a New Brunswick platform shaker maintained at 28'*C. 

After inoculation, the leaf diste were placed in petri dishes containirtg CN agar medium. The dishes were sealed 
with parafilm and incut>ated under mix^ fluorescent and X^o and Sho' plant lights (General Electric) for 2-3 days in a 
55 culture room maintained at approximately 25°C. 

To rid the leaf disks of Aorobacterium and to select for the growth of transformed tobacco cells, the leaf disks were 
transferred to fresh CN medium containing 500 mg/L cefotaxime and 100 mg/L f^namydn. Cefotaxime was kept as a 
frozen 100 mg/ml stock &olutk>n and added asepticalty (filter sterilized through a 0.45 ^m filter) to the media after auto- 
claving. A fresh kanamydn stock (50 mg/ml) was made for each use and was fitter sterilized into the autoclaved mecSa. 
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Leaf disks were incubate under the growth conditions described above for 3 weeks and then transferr^ to fresh 
media of the same compoation. 

ApproKirmtely 1-2 weeks later, shoots developing on m^ium containing kanamydn were excised with a sterile 
scalpel and planted in A medium containing either 10 ppb chlorsulfuron or 100 mg/L kanamyctn. Root formation on 
selective and non-selective m^ia was r^rd^ within 3 weeks. 

Within 2 weeks of planting. smaO leaves were removed from exds^ shoots to determine levels of resistance to 
chlorsulfuron and kanamydn in a callus induction assay on selective m^ia. To induce callus formation. snaD leav^ 
were exds^ and cut Into several sections with a scalpel and planted in B medium containing either 10 ppb chlorsul- 
furon or 50 mg/L kanamydn. Callus g-owth on selective and non-selective media was recorded within 3 weeks. 

The results shown in Table 1 indicated that transformation of tobacco had been achieved with the GVKESIT13 strain 
t>ased on production of kar^mydn resistant callus. The kanamydn resistant callus rentained sensitive to the sulfonylu- 
rea herbicide chlorsulfuron. indenting that the ALS gene isolated from the tobacco 34 mutant in phage NtA 13 encoded 
the wikJ type hert>icide sensitive enzyme. This plant ALS gene has been used as a DNA hybridization probe to isolate 
other plant ALS genes, including genes which encode herbidde resistant ALS. 



Table 1 



Results from Callus Tests of QVKNT13 Infected Tobacco 
Number of transformed shoot explants producing callus on 
selective arrd non-selective ntsdia. 




GVKNTIS^ 


GVKK2 


GV38503 


Exp. #1 


No selection 


59/62 


12/13 


10/10 


Kanamycin, 50 nrg/L 


53/62 


8/13 


0/10 


Chbrsulfuron. 10 ppb 


0/62 


0/13 


0/10 


Bcp.#2 


No selection 


Sa/102 


21/23 


22/25 


Kanamycin. 50 mg/L 


81/102 


16/23 


0/25 


Chlorsulfuron, 10 ppb 


0/102 


0^3 


0^5 



^ Actrobacterium strain containing Ti ptasmid canrying tobacco 
AtS gene and NQS/NPTII gena (Kanamydn resistance) 
r , ^ Aorobacterlum strain containing Ti placid carrying only 
^ MQ^JlEnigene 

^ Agrobacterium strain containing Ti plasnnid (davod of either 
tobacco ALS or NQS/NPTII genes) 



A genomic library of DNA from the Hra mutant of tobacco was made in bacteriophage lambda arrd screened for 
clones that hybridized to the witd type tobacco ALS gene from the S4 mutant-Several phage don^ were isolated. 
Physical mapping of the tobacco DNA inserts using restriction endonudeases revealed the presence of two distinct 
classes of DNA fragments representative of the two tobacco ALS genes SURA artd SURB . Comparison of the physical 
maps of the SURA and SURB genes of fcL tabacum to maps froni the progenitor species showed that the SURA g©ie 
came from ^ svlvestris and the SURB gene came from tomentosiformis . The wild type ALS gene isdated previously 
from the S4 mutant was designated SURA . The genetic linkage of the high level herbicide resistance mutation in Hra 
to the S4 mutation indicate that the Hra mutation was in the same ALS gene as the S4 mutation, namely SURB. There- 
fore, it was expected that the SURB gene isolated from the Hra nrtutant would be a nrujtant gene, d^ignated SURB-Hra. 
encoding a herbicide resistant ALS. One phage done containing the SURB-Hra gene was chosen for further analysis. 
This phage clone, designated 3. has been deposited at the ATCC. Rockville. MD under aocessbn numb®' ATCC 40237. 
The phage clone was digested with Spe I restriction endonudease to give an 8.3 Kb DNA fra^ent wfiich was inserted 
into the ^^23 1 site of plasmid pMuc19. and the resulting recombinant plasmid, pAGSl48. f^s been deposited at the 
ATCC. Rockvllle. MD under accession number ATCC 67124. Plasmids pAGSl48 and pAGSl35 were fitted to each 
other as described below, artd the resulting recombinant plasmid pAOSl52 (Figure 2) was introduced into Aarobacte- 
rium tumefadens LBA 4404. The resultant Aqrobacterium tumefaciens LEA 4404 (pAGS152) has been deposited at the 
ATCC. under accession number ATCC 67126. 
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A genomic library of DNA from the tobacco C3 mutant was made in bacteriophage lanrrbda arxd screened for dones 
which hybridize to the previously isolated ALS genes from tobacco. S6\/eral phage clon^ w^e isolate arrd the 
tobacco DNA inserts were physically mapped with restriction endonudeases. Two different DNA fragment types, corre- 
sportding to the SURA-C3 gene and the SURB gene, were identified. Two phage clones designated 35 and 38, carrying 

5 the SURA-C3 gene were chosen for further analysis. 

Phage clone 35 was digested with Spe I and Sgt I restriction endonudeases to give the 6.3 DNA fragment shown 
in Figure 3. This DNA fragment has been inserts into the plasmid vector pUCl1 9 digested with restriction endonude- 
ases I and Sal 1. and the resulting recombinant plasmid, pALS35, has been d^K>sited at the ATCC« Rockville, Mar- 
yland, under accession numb^- 67424. 

10 In addition to the four tobacco ALS genes. SURA and SURB encoding wild type heibicide sensitive ALS. and 
SURA-C3 and SURB-Hra errcoding mutant herbicide resistant ALS. ALS genes have been isolated from Arabidcpsis 
thaliana . Beta vulgaris (sugarbeet) ard part of an ALS gene from ^ mays (corn), the latter ALS gen^. from herbicide 
sensitive plants, were obtained from genomic DNA libraries made in bacteriophage lambcSa by screening for DNA 
hybridizing to a previously isolate ALS gene from yeast or tobacco. The wild type ALS gerte from sugarbeet was iso- 

75 lated in a phage designated 4^1 and physically mapped with restriction endonudeases. The DNA fragm^ isolated in 
this phage artd two DNA fragments which were sii>ctoned into the plasmid vector pUC1 19 are shown in Figure 7. Plas- 
mid pSBALS216 has been deposits at the ATCC, Rockville. Maryland under accession rujmber 67425. 

Figure 1 shows restriction endonuclease maps of DNA fragments containirrg ALS genes isolated from the Hra 
mutant of tc^cco. Based on these maps, two classes of DNA fragments can be distinguished. An approximately 18 

20 kilobase nucleic acid insert in phage clone 3 canies the SURB-Hra gena The insert contains a preferred DNA fragment 
of the present invention which encodes a hertndde-resistant ALS from tobacco mutant Hra. This nud&c acid fragment 
consists of* double-stranded DNA of 8.3 ± .5 kilobases and has a molecular weight of 5.5 ± .3 mega daltons. and has 5* 
overhang sequences of CTAG at both ends. The 8.3 kilobase nucleic add fragment between the two Sag I sites hybrid- 
ized to the ALS gene probe used to screen the genomic library. Restriction endonuclease Sqs I can be used to excise 

25 the fragment from the phage using well-known techniques. 

Figure 2 shows a physical map of plasmid pAGSl52. Plasmids pAGSl35 and pAGS148 are not drawn to scale. 
Restriction endonuclease sites EfieR I (RI). BgrnH 1 (B). ^ I PQ, PgJ I (P). SSl I (S), See I (Sp), USQ I (N). Mind 111 (H), 
PstE II (Bs). Sma I (Sm). Kqq 1 (K), Ssi I (St). Sob I (Sh) and Bgl H (G) are shown. pAGSl52 results from the ligation of 
the Bam H I- deaved plasmids pAGS135 (approximately 27 kilobases) and pAGS148 (s^roximately 12.1 kilobase). 

30 Ptasmid pAGSi35, drawn as a circle, is a wide host range plasmid containing a plant kanamycin resistance gene 
(NOS:NPT 11) and a Bam H 1 cloning site, flanked by the left t)order (LB) and the right border (RB) of T-DNA. Plasmid 
pAGSl48. shown as a linear Bam H I fragment, consists of the Sog I (Sp) fragment (approximately 8.3 kik>ba8es) of the 
aspect of the Invention (shown f ^nk^ by X/Sp and Sp/X). containing the coding s^uence for the h^icide-resistant 
form of ALS, from the Hra mutant, inserted in the I site (X) of plasmid pMuc19 (open box). Although Spa 1 and Xba 

35 I restriction enzymes recognize different sequences, their action results in DNA fragments with the same 5* overhanging 
sequence, ^ 5'-CTAG-3*. Thus, Spe I and 2^ I digestd fragments can be ligated to each other, but the ligation results 
in a loss of tx^th sites. The hafched box on the insert fragment conresponds to the coding region of the ALS ger^'Shd 
the an-ow denotes the 5'->3' direction of the coding sequence. TTie nudeic acid fragment is flanked by Hind III. Soh I. 
Pst 1 and Sal I sites at one end and by Bam H I. Sma I, Kbq I, ggl I and EgfiR 1 sites at the other end. These enzymes 

40 can be used to excise the fragment from the plasmid by complete or partial digestion using well-known techniques. After 
digestion, the ends of the fragment will be characteristic of the endonudease used to excise the fragment: 



45 



50 



55 
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5* Overhanging Sequence 


3* Overhanging S^uence 


Spq! 


5'-CTAGT-3- 


SphI 


y.C-3' 








3-<3TWX3-5' 


Uiltf III 


5-AGCTT-3* 


EstI 


5-G-3' 








3*-ACQTC-5' 


Sail 


5'-TCGAC-3' 


Kpn 1 


5*-C-3' 




3'-Q-5' 




3'-CATGQ-5' 


BamHI 


5-GATCC-3* 


SstI 


5'-C-3* 




3*-G-5* 




3*-TCGAG-5* 


EcoRI 


5-AATTC-3' 








3--G-5' 








Blunt end 






Smal 


5--GGG-3* 








3'-CCC-5* 







25 The 8.3 ktlobase fragment can be isdated from the restriction digest using agarose gel electrophoresis. The fragment 
can be characterized by the restriction map shown in Figure 2, and contains the coding sequence for ALS from mutant 
plant Hra of Nicotiana tabacum cv. OCanthi' which is resistant to inhibition by chlorsulfuron and suHometuron methyl. The 
fragment also contains regulatory nucleotide sequences required to express the gene in plants. 

Figure 3 shows a restriction endonuclease nrnp of the approximately 6.8 kb preferred nucleic add fragment which 

30 carries the SURA-C3 gene. This DNA fragment was obtained from lambda phage clone 35 by digestion \ftnth restriction 
endonucleases Spe i and Sgtl artd was inserted into the plasmtd vector pUC119 which l^d been digested with restric- 
tion endonucieases I and §§l I as desatbed in the legend to Figure 2. 

Figure 4 shows a partial nucleotide sequence of a preferred DNA fragment encoding a hert)icide-resistant form of 
ALS from SURB-Hra gene of tobacca Nucleotides are indicate by their bases by the following standard abbreviations: 

35 

A o adenine; 
Co cytosine; , 
T o thymine; \ 
G ° guanine. 

40 

The beginning of the nucleotide sequence corresponds to Est I Site (P) 885 nucleotide bases preceding the coding 
sequence, shown on Figure 2; the s^uence ends at base nun^r 2946, which is 67 bases past the end of the codir^ 
sequence shown in Figure 2. The nucleotide sequence from nucleotide one to nucleotide 884 is k)elieved to contain 5* 
re^latory sequerKe(s) required for expression of the encoded ALS. Rgure 4 also shows the deduced annino actd 
43 sequence of the ALS protein. 

Amino add residues are indicated by the following abbreviations: 



Ao 


alardne; 


Co 


cysteine; 


Do 


aortic add; 


Eo 


glutanrtk: add; 


Fo 


phenylalanine: 


Go 


glyarta; 


Ho 


Nstidine; 


lo 


isoleuctne; 


Ko 


lysine; 


Lo 


teudne; 


Mo 


methionine: 


No 


a^ragine: 



n 
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p = 


proline; 




glutamine; 


Re 


arginine; 


s» 


serine; 


To 


threonine; 




valine; 


Wo 


tryptophan; and 


Y« 


tyrosine. 



10 The term "amino actds" as used herein Is meant to denote the above-recited natural amino ackte and functional equiv- 
alents thereof. 

Figure 5 shows a partial nucleotide sequence and Its cognate deduced amino acid sequence, of a preferred DNA 
fragnent encoding a herbicide-resistant form of ALS from the C3 gene of tobacco. The beginning of the nucleotide 
sequence con^ponds to the BgmH I site shown in Figure 3. The coding sequence begins at nucleotide 176 and ends 

IS at nucleotide 2175. The nucleotide sequence from nucleotide one to nucleotide 1 75 is believed to contain 5* regulatory 
sequence(s) necessary, but not sufficient, for expression of the encoded ALS. Nucleotides and amino adds are indi- 
cated by the standard abbreviations, as shown above. 

Figure 6 shows the deduced amino acid sequences of the large sutxjntts of ALS isozymes i. II and III from qs& 
(Lines E, F and G respectively), wild type ALS proteins of yeast (Line D). Arabtdoosis thaliana (Line C) ar^d Nicotiana 

20 tabacum (tobacco) (Lines A and B). encoded by the SURB and SURA genes, respectively. Amino acid residues are 
indicated by standard abbreviations as shown above. The first an^no acid, methionine, of the deduced amino accd 
sequences of the yeast (line D, Figure 6) and higher plant (lines A-C) ALS proteins is the putative start of the transit 
peptides believed to be involved in translocating the enzymes into mitochondria. In the case of the yeast enzyme, or 
chloroplasts, in the case of the plant enzynr^. These transit peptides are believe to be cleaved off during translocation 

25 of the proteins into the organella and are believed not to be require for ALS activity. The extent of these transit pep- 
tides is difficult to determine in the absence of data on the in vivo N-termini of the ALS proteins of y^st and higher 
plants. Based on the homology with the bacterial ALS proteirts the chloroplast artd nrdtochoridrial transit sequences may 
be estimate to exiertd for 90 amino acids. 

The dotted lines in the sequences are spacing marks inserted to best aOgn regions of honrtology. Vertical lines high- . 

30 light the amino acid residues that are conserved between adjacem sequences of Figure 6. The honrx)logy between 
tobacco and Arabidoosis ALS proteins (lines A to C). which derive from two different plant families, is striking. Even 
more unexpected, considering the evolutionary distarxe between microbes and higher plants, is the finding that the 
amino acid residues which are conserved between the bacterial Oines E to G) and the yeast (line D) ALS i:»'oteins are 
largely conserved between these proteins and the plant ALS preterm. 

35 Figure 7 shows a restriction endonuclease map of the approximately 17.5 Nilobase nucl^c acid insert in phage 
clone <t>21 carrying the sugarbeet ALS gena Two OTialler DNA fragments which also contain the sugarbeet ALS g&ie 
and which were subcloned tnt6 the pUC 119 plasmid vector are al^ shown '"^^ 

Figure 8 shows deduced dmino acid sequences of wild type ALS proteins from the plants Nicotiana tobacum 
(tobacco) (Lines A and B). Arabidoosis thaliana (Line C) Beta vulgaris cv. sennica (sugarbeet) (Line D) and a partial 

^ sequence of the ALS protein from maize (Une E). The dotted lines in the sequences are spacing marks to best align 
regions of homology. Vertical lln^ highlight the amino acid sequences that are conserved between adjacent 
sequences. The homology between all of the plant ALS proteins is y/&y extensrva Based upon this, a mutation in one 
plant ALS gene causing an amino add substitution that results in sulfonylurea herbicide resistarrt ALS wouk^ be 
expected to have an analogous effect If It were present In any other plant ALS gena 

45 The amino actd residues which are conserved in ail of the ALS sequences in Rgure 6 are believed to be tmportarrt 
for the binding of substrates, herbicides, coenzymes, eta These sequences are believed to be sut>stantially conserved 
in all ALS proteins. The residues which are partially conserved in the differerrt ALS proteins may participate in less corv 
served ejects enzyme function, such as those which govern Its herbicide sensitivity and Its ertd-prcduct Inhibition. 
Examples of this would include the resistance of k>acterral isozyme I to sutfomsturon methyl and chlorsulfuron, ar^ of 

50 bacterial isozyme II to end-product Inhibition by valine. FInalty. those residues which are not conserved between the 
proteins probably reside in the framework of the ALS protein where sequence divergence is less disruptive to enzyme 
functfon. 

Although not wiping to be bound by theory, binding of sulfonylurea herbicide to ALS during acetotactate synthesis 
is believed to be facilitate by the binding of a first pyruvate nrrolecule to the enzyme. However, the binding of a sutfony- 
55 lurea herbicide molecule Is competltrve with the binding of a second pyruvate nrtolecule to the enzyme. Sulfonyturee her- 
bicide sensitivity is conserved through evolution In nrtost ALS enzymes. From these facts, it was deduced that the 
binding of the sulfonylurea herbicide occurs at or proxinrral to one or more of the conserved anmno adds In the ALS pro- 
teins. In fact Applicant has di^XTvered that sut}stitutions for one or more of 10 specific amino add residue in one or 
more of the 7 substantially conserve sub-sequences A through G will confer herbidde resistance and are claimed. It 
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is expected ihaX substitution at other amino acid residues in the substantially conserved sub-sequences wilt also confer 
herbicide resistance. 

Sulfonylurea herbicide resistance in bacteria, yeast and higher plants, which resistance cosegregates with herbi- 
cide-resistant forms of ALS, results from mutations in the structural genes tor ALS. Comparing the nucleotide 

5 s^uences of ALS genes of organisms encoding herbicide sensitive and herbicide-resistant forms of ALS allows one to 
determine which amino actd residues are important for herbicide Inhibition of the enzyme. One mutation In the E, £di 
llvG gene, which results in an enzyme with increased resistance to sutfometuron methyl Inhibition, and with reduce 
catalytic activity, was determined to result in an alanine-to-valine ajbstitution at position 122 (Figure 6). Another sulfo- 
meturon methyl resistance mutation In this gene was determine to result in a alanine-to-serine substitution at the same 

10 position. This alanine residue is consen/^ in all ALS enzymes except bacterial isozyme I (Rgure 6). which is naturally 
resistant 

Many gen^ encoding herbicide-resistant ALS enzymes have been isolated from ^ntaneous sulfonylurea-res^- 
ant yeast mutants. Sequencing of these genes has shown the molecular t>asl8 of resistance to be base changes which 
result in amino acid substitutions at ten different positions in the protein (Table 2). residues 121, 122, 197. 205. 256. 
T£ 359. 384. 588, 591 and 595 (numbering relative to the positions in Figure 6). 
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Table 2 





Spontaneous Mutatims of the Yeast ALS Gene Resulting in Sultony- 


5 




lurea Herbickje Resistance 






Amino Acid 


WiWType 


Wild Type 


Mutant 


Amino Acid 




Petitions 


Ccdon 


Amino Add 


Ccdon 


SutTStitutibn 




121 


GQT 


Gly 


AGT 


Ser 


10 


122 


OCT 


Ala 


QCT 


Pro 










GAT 


Asp 










GIT 


Val 


15 








ACT 


Thr 




197 


CCA 


Pro 


ICA 


Ser 










CQA 


Arg 




205 


OCT 


Ala 


OAT 


Asp 


20 








ACT 


Thr 




256 


AAG 


Lys 


QAG 


Glu 










AgG 


Thr 


25 








AAG 


Asn 




359 


ATG 


Met 


QTG 


Val 




384 


GAG 


A^ 


GAA 


Glu 










QIC 


Val 


30 








AAC 


Asn 




588 


GTT 


Val 


GQT 


Ala 




591 


Too 


Trp 


i^oo 


Arg 


35 








&/3G 


Arg 










TGI 


Cys 




\ 






TGS 


Cys 


40 








QGG 


Gly 








TIG 


Leu 










TGG 


Ser 










QQG 


Ala 


46 


595 


TTC 


Phe 


TTA 


Leu 



At six of these positions, 122, 197, 205, 256. 384 and 591 (Tat^e 2), more than one substitution that confers herbi- 
50 cide resistance has been obtained. At position 122. at which an alanine residue is present in all known wild type ALS 
enzymes except ^ isozyme I. substitutions of a^^artc add. proline, threonine or valine result in suHbnylurea-resist- 
ant ALS. At position 197, at which a proline r^idue is present in all known witd-type ALS enzymes except Iso- 
zymes II and III. substitutions of serine or arginine result in sulfonylurea-resistant ALS. At position 205. at wht^ an 
alanine residue is present in all known wild type ALS enzymes, sut>stitutions of a^^artic acid of threonine result in ail- 
55 fonyturea-resistant ALS. At position 256. at which a lysine residue is present in all known wild type ALS enzymes, sub- 
stitutions of glutamic acid, asparagine or threonine result in sulfonylur^-resistant ALS. At position 384 at which an 
aspartic acid 6 pr^ent in all known wild type ALS enzymes, sut^itutions of glutamic add. asparagine or vaGne re&jit 
in sulfonylurea-resistant ALS. At position 591. at which a tryptophan is present in all known wild type ALS enzyme 
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except isozyme I, substitutions of alanine, cysteine, glycine, leucine, arginine or serine result in suKbnylurea- 
resistantALS. 

Mutants resistant to sulfonylurea heryddes resulting from single amino acid substitutions at the other four posi- 
tions, 121, 359, 588 and 595, have been obtain^. At position 121, at which glycine is pres&rt in all known ALS 
5 enzymes, substitution of s&ine results in a sulfonylurea-resstant ALS. At position 359. at which methionine is present 
in all known ALS enzymes, substitution of valine results in a sulfonylurea-resistant ALS. At position 588, at which valine 
is present in all known ALS enzymes. sut}stitution of alanine resists in sutfonylurea-fesistant ALS. At position 595. at 
which phenylalanine is present in ail known ALS enzymes except goli isozyme ML sut^stitution of leucine results in 
suHbnylurea-resistant ALS. 

10 Oligonucleotide-directed site specific mutations, which result in amino acid substitutions at positions 1 22. 205. 256. 
359, 384 and 591 , have been made in the yeast gene encoding ALS (Table 3). 



Table 3 



75 



20 



25 



30 



35 



40 



Site-Directed MutationB of the Yeast ALS Geae 
Resulting in Sulfonylurea Herbicide Resistance 



Amino Acid 
Positions 

122 



Wild Type 
Codon 

GCT 



Wild Type 
Amino Acid 

Ala 



45 



SO 



SOS 



35<S 



GCT 



AAG 



Ala 



Lys 



I^utant 


Araino Acid 


Codon 


Substitution 


TCT 


Ser 


GTT 


Val 


ACT 


Thr 


CCT 
MT 


Pro 


Asn 




11® 


e^T 


His 


CGT 


Arg 


CTT 


Leu 




Tyr 


2GT 


Cys 


TTT 


Phe 


GM 


Glu 




P^et 


MA 


Lys 


SM 


-Gin 


XSfi 


T£p 




Arg 


TGT 


Cyis 


GM 


Glu 


TGG 


Trp 


GAC 


Asp 


GGG 


Gly 


CTG 


Leu 


C£G 


Pro 


2GG 





55 
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Table 3 (continued) 



5 


Amino Acid 
Positions 


Wild Type 
Codon 


C^ild Type 
Ainino Acid 


Mutant 
Codon 


Aral no ^CXQ 

sUDS u & uu L ion 




359 


ATG 


Met 


CCA 


Pro 










CAG 


(s lu 


10 


38€ 


GAC 


Asp 


CCA 


Pro 










TGG 


Trp 










TCC 


Ser 










GGT 


Gly 










TGC 


Cys 


IS 








AAA 


Lys 




591 


TGG 


Trp 


GAC 


Asp 










GAG 


'Glvr. 










TTC 


Ph© - 


20 






















Tyr 










ATA 


21® 










filG 


Vffll 










MG 


Lys 


25 










^rg 










MIG 
M£ 












S&G 


Gin 










a£G 


Thr 



At posrtion 122. mutatbns resuKing in eighteen amino acid substitutions for alanine, which is present in wild type ALS» 
3S have been made. The nineteenth substitution (aepartic acid) was isolated previously as a spontaneous mutatich artd 
was therefore not remade. Each substitution, except for glycine, results In sutfonylurea-resistant ALS. At position 205, 
mutations resulting in substitiittons for alardne, the wild type restdue, of cysteine, glutamic actd. arginine or trypt£s;$fi&n, 
result in sulfonylurea-resistant ALS. At position 256. mutations resulting in substitutions for lysine, the wild type residue, 
of aspartic acid, glycine, leucine, proline or tryptophan, result in sulfonyturea-resistant ALS. At position 359, mutations 
40 resulting in substitutions for methionine, the wild type residue, of glutamic acid or proline result in suKonyl urea-resistant 
ALS. At posrtion 384. mutations resulting in amino add substitutions for aspartic add. the wild type residue, of cysteine, 
glycine, proline, lysine, serine or tryptophan result in sulfonylurea-resistant ALS. At position 591. nrtutations resulting in 
amino acid substitutions for tryptophan, the wild type residue, of aspartic actd. glutamic actd. phenylalanine, Nsttdine. 
isoleudne. lysine, arginine. valine, methionine, asparagine. glutamine. threonine or tyrosine result in sutfbnylurea- 
45 resistant ALS. 

All mutations described in Tatdes 2 and 3 resulted in enzymes which were active and less inhit>ited by sulfonylurea 
herbiddes than the wild type. Taken in total these results indicate that most substitutions at these 10 positions result in 
enzymatically active herbicide resistant ALS. 

The deduced amino add sequences of the wild type ALS proteins from tot}acco, Arabidopsis. sugartTeet artd corn 

50 are shown in Figure 7. The amino add residues at positions 121 . 1 22, 1 97. 205. 256. 359. 384. 588. 591 and 595 (num- 
bering of positions from Figure 6) in all the plant eruynrtes are the same as those present in the wild type herbicide serv 
srtive yeast protein (Rgure 6). The deduced amino add sequence of the tobacco ALS gene SURB-Hra. which enccdss 
a herbidde-resistant ALS. is shown in Figure 4. The mutant gene of Figure 4 was derived from a tissue culture line 
which had undergone two successive spontaneous mutations. The two nrtutations have been shown to be genetically 

55 linked, and introduction of this fragment into sensitive totmcco cells confers upon the cells the same level of herbtctde 
resistance as is found for the original highly resistant mutant tot^cco plant from which the fragment was derived. Based 
on these facts, it was expected that there would t>e two amino acid substitutions in the enzyme encoded by the frag- 
ment. A comparison of the deduced arrvno add sequence of the mutant ALS with the deduced amino acid sequence of 
the wild type ALS reveals that the mutant ALS has a proline-to-alanine substitution at position 197 (Figure 6) and a tryp- 
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topharvto-laicine substitution at position 591 (Figure 6). Bas^ on the foregoing, it was determined that substitutions 
at proline 1 97 ar^ tryptophan 591 residues confer hert»ctde resistance. The deuced amino aced sequence of a second 
mutant tobacco ALS gene. SURA-C3. which encodes a sutfonyturea heibtctde resistant ALS, is shown in Figure 5. A 
comparison of the deuced amino acid sequence of the mutant and wild type ALS enzymes (Rgure 5 and Figure 6, 
5 line B) reveals that the nnutant ALS has a single substitution, prdine-to-glutamine. at position 197. The C3 cdt line from 
which the SURA-C3 gene was obtained showed selective herbicide resistance. That the C3 mutation conferred 
resistance to the sulfonylurea hertncides chlorsuKuron and sulfomenturon methyl, but not to an imidazolinone herbicide. 

The identification of amino add substitutions in herbictde-resistartt ALS enzymes from plants at positior^ 1 97, from 
the C3 and Hra mutants, and 591 from the Hra mutant, indicates t^t sut^itutions at positions operable in yeast ALS 
10 are also operable in plant ALS. 

While the amino acid residues present at positions 121, 122. 197. 205. 256. 359. 384. 588, 591 ard 595 are con- 
served in all wild type hert»clde sensitive ALS enzymes so far characterized from eu^ryotes. some substitutions at 
these positions are found in wild type bacterial ALS enzymes. E. ^ isozyme I has a serine rather than alanine at posi- 
tion 122 and a glutamine rather than tryptophan at position 591 . isozyme II has a serine rather than proline at 
75 position 1 97 and E ggH isozynria I II has an alanine rather than proline at position 1 97 and an isoleucine rather t^an phe- 
nylalanine at position 595. Each of these E. GOli ALS isozymes is nrtore resistant (from 50>fotel to greater than 10.000- 
fdd) to inhibition by (particular) sulfonylurea hertiicides than plant or yeast ALS. Furthermore, a site-directed mutation 
causing a eerine-to-proline sutsstitution at position 197 in E. sqU ALS II rendered the mutant enzyme 100 fold more sen- 
sitive to inhibition, i.e.. as sensitive as wild type higher plant enzymes. Thus, proline at position 197 is involved in herbi- 
20 cide binding in coli ALS II as well as In yeast and higher plant ALS. 

In addition, site-directed mutations which resuH in tryptophan-to-leucine and glutamine-to-tryptophan sut>stitutior^ 
at position 591 in ALS II artd ALS I. respectively, of Mi have been made. The mutation in ALS II makes the enzyme 
nnore herbicide resistant than the wild type ALS II, while the mutation in ALS t makes it nrK>re sensitive than wild type 
ALS I. 

25 The site-directed mutations at positions 197 and 591 in ALS I arrd ALS II of £«.£^ affect inhibition by herbicide of 
the mutant enzymes in a manner predicts from the herbicide-resistant mutant yeast and plant ALS protons. These 
experimental findings support the universality of the amino add residues involved in herbidde birtding to ALS enzymes 
from diverse sources. 

30 Characterizat ion ot Nucleic Acid Fraaments Encodi no Hert3ictde-Resistant ALS 

According to the preserrt invention, the amino acid residues of ALS that correspond to ar^ £2 in amino acid sub- 
sequence A. a-, in amino acid sub-sequence B. &2 in amino add sut>-sequ6nce C. in amino acid sub-sequence D. 
in annino acid sub-sequence E. p3, ^ and Pe amino acid 8ut>-s^uence F artd in amino sod sut>«equence Q of 
35 Rgure 6 (referred to hereinafter as positions 122, 121. 197. 205. 256. 384. 591. 595, 588 arKl 359 respectively) are 
important in hert^dde sensitivity or resistance of ALS enzymes r^ardless of the bidogical source of these enzymes, 
artd any nudeotide s^uer^ce encoding a plant ALS can be altered to direct synthesis of a herbictde-resist^hfKLS 
virtue of amino add eubstitistions at th^e residues. The nudeic acid fragment of the present invention is characterized 
in that at least one of the following conditions is met: 

a) The nucleic acid fragment encodes an amino acid other than glycine at position 121. Preferat)ly the amino acid 
is &erir>e. threonine, or cysteine. Most pref&Bbly the amino acid is serine. 

b) Th© nudeic acid fragment encodes an amino add other than alanine at position 1 22. Most preferably, the amino 
add is any other than glycine. 

45 c) The nudeic add fragment encodes an amino add other than proline at position 1 97. Preferat)ly. the amirto add 
is alanine, glycine, arginine. lysine, histidine. serine, threonine, cysteine, glutamine. or asparagine. MosX preferably, 
the amino acid is alanine, arginine, serine or glutamine. 

d) The nudeic add fragment encodes an amino acid other than alanine at position 205. Preferat)ly. the anrtrto acid 
is threonine, serine, cysteine, tyrosine, asf^rtic acid, glutamic add, tryptophan, histidine, phenylalanine, arginine 

50 or lysine. Mosi preferably, the amino acid is threonine, cysteine, aortic acid, glutamic acid, tryptophan or arginine. 

e) The nudeic add fragm&it encodes an amino add other than lysine at petition 256. Preferably, the amino add is 
glycine, alanine, teudne. Isoleudne. valine, threonine, serine, cysteine, tyrc^ne, glutamic actd. aspartic add, pro- 
line, asparagine. glutamine. tryptophan or phenylalanine. Most preferably, the amino add is glydne. leudne. thre- 
onine, glutamic acid, aspartic add. proline, asparagine or tryptophan. 

55 f) The nucleic add fragment encodes an amino add other than methionine at position 359. Preferably, the amino 
add is glutamic acid, aspartic actd, proline, valine, leucine or isoleucine. Most preferably the amino acid is glutamic 
add, proline or valina 

g) The nucleic add fragment encodes an amino add other than aspartic acid at position 384. Preferably, the amino 
add is glydne. alanine, valine, teudne. isoleudne, serine, threonine, cysteine, tyrosine, glutamic add. proline. 
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asparagine. glutamine. lysine, arginine, tryptophan. Nstidine or phenylalanine. Most preferably, the amino add is 
glycine, valine, serine, cysteine, glutamic acid, proline, asparagine, lysine or tryptophan. 

h) The nucleic acid fragment encodes an amino acid other tfran valine at position 588. Preferably the amino actd is 
alanine or glycine. I^ost preferatsly the amino add is alanine. 
5 i) The rujclelc acid fragment encodes an amino actd other than tryptophan at position 591. Most preferably, the 
amino actd is other tten proline. 

D The nucleic add fragment encodes an anvno add other than phenylalanine at position 595. Preferably, the amino 
actd is leudne. isoleudne and valine. Most preferably the amino add is leudne. 

10 In one embodiment position 121 resides within amino add sub-sequence A as follows: 
POtgA 

wherein P. G and A are as defined above. To confer herbidde resistance, £2 is an amino actd other than glydne. Most 
preferably £3 is the amino acid serine. This sub-sequence begins about 24 residues from the beginning of a substan- 
tially conserved amino add sequence 
15 HEQ. 
i.e., 

PGE2A...HEQ. 

In one embodiment, position 122 resides within amino add sub-sequence A as follows: 
PGGei 

20 wherein P and G are as defined above. To confer herbidde resistance is a natural antino actd other than alanine. 
Most preferably is any amino acid except glydne. This si±}-S6quence t>egir^ about 24 residues from the beginning 
of a substantially conserved amino actd sequence 
HEQ, 

i.e., 

25 PGG£v..HEQ. 

In one embodiment, position 197 resides within amino add sub-sequence B as follows: 
GQVai 

wherein G. Q. and V are as define above. To confer heft)ictde resistance is an amino actd other than proline. Most 
preferably, is alanine, arginine. serine or glutanrtine. This sub-sequence, begins akx>ut 20 residues from the ertd of 
30 one substantially conserved amino actd sequence 
SGPGATN 

and about 55 residues from the begirmir^ of a second sut>stantially consen/ed amino add sequence 
SGRPGP. 

i.e.. 

35 SGPGATN...GQVai ... .SGRPGP. 

In one embodiment position 205 resides within an amino add sub-sequence C as follows: 
IG61D52FQE 

wherein I. G. 0, F. Q. and E areas defined atxsve. 5, represents an amino acid residue which can vary according to the 
source of the enzyme, but is most commonly T. To confer herbicide resistance 62 is an amino acid oth^ than alanine. 
40 Most preferably. 62 is threonine, cysteine, aspartic acid, glutamic acid, arginine. or tryptophan. This sub-sequence 
begins about 5 residues from the end of a substantially conserved amino acid sequence 
GQV 

arid about 43 residues from the begrming of a second eubstarrtially conserved amino add sequence 
SGRPGP, 

45 i.e., 

GQV...IGB1D62FQE...SGRPGR 
In one embodiment, position 256 resides within an amino add sub-sequence D as follows: 
PXiD 

wherein P and D are as defined above. To confer herbicide resistance is an amino acid other than l^ine. Preferably, 
50 A.^. is glycine, leucine, threonine, glutamic add. aspartic actd. a^ragine, tryptophan or proline. This sub-sequence D 
begins ab»out 6 residues from the end of a sutetantially conserved an^no add sequence 
SGRPGP 

i.e.. 

SGRPGP..pXiD. 

55 In one embodiment, position 359 resides within an amino add suthsequence G as follows 
MLGaiHG 

wherein M. U G and H are d^ined as above. To confer hertxctde resistance, is an amino acid other than methionine. 
Most prefe-abty. is proline, glutamic add or valine. This suthsequence ends ak>out 20 residues from the beginning of 
a sutsstantially conserved anreno actd sequence 
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RFDDR 

i.e., 

MLGaiHG... RFDDR 

In one embodiment, position 384 resides within an anrtino add sub-s^uence E as folbws 
5 RFDyiR 

wherein R. F. and D are as defined above. To confer herbicide resistance, yi is an amino actd other than aortic add. 
Most preferably. ti is glycine, valine, cysteine, serine, lysine, glutamic add. proline, asparagne or tryptophan. 
This sub-sequence begins about 20 residues from the end of a substantially conserve annino acid sequence 
MLGMHQ, 

10 i.e., 

MLQMHQ...RFI>yiR. 

In one en^bcdinnent position 588 resides within an amino add sub-sequence F as follows 
GP1P8P2QP3P4P5P6P7 

wherein G and Q are defined above, to Pq will vary depending upon tiie source of the enzyme, is usually methio- 
75 nine, P3 is usually tryptophan and P7 is usually phenylalanine. To confer herbidde resistarrce is an amino acid other 
than valine. Most preferably Ps is alanina This SLi>-s6quence begins about 49 residues from the end of a substantially 
conserve amino acid sequence 
GLPAA 

i.e., 

20 GLPAA...GP, P8P2QP3P4P5P6P7- 

In one embodiment, position 591 resides within an amino add sub-sequence F as follows 

G^lVP2Qp3P4P5P6P7 

wherein G, V and Q are defined above, Pt to Py will vary depending depending upon the source of the enzyme. Pi is 
usually methionine arxj P7 is usually phenylalanine. To confer herbicide resistance P3 is any amino acid other than tryp- 
25 tophan. Most preferably P3 Is any amino add other than prolina This sub-s^uence begins about 49 residues from the 
end of another sut)stantia)ly conserved amino acid sequence 
GLPAA. 

i.e., 

GLPAA.....GPiVP2qP3P4P5P6P7. 
30 In one embodinrterrt. position 595 resides within an amino add sut>-sequence F as follows 

GP1VP2QP3P4P5P6P7 

wherein G. V and O are defir^ed atxsve. p^ to P7 will vary depending upon the source of the enzyme. Pi is usually 
methionine and P3 is usually tryptophan. To confer herbicide resistance, Py is an amino ackJ other than phenylalanine. 
Most preferably. Py is leucine. This sub-sequence begins about 49 amino acids from the end of a substantially con- 
3s served amino acid sequence 
GLPAA 

i.e.. ^ 

GtPAA. ..GPn VP2QP3P4p#6P7- 
Hert»dde resistance can be achieved by any one of the atxive described amino add sut^rtutions and by oombi- 
40 nations thereof. 

The predse amino add substitutions required for herbidde resistance can be achieved by mutating a nudeic actd 
fragment encoding a herbidde sensitive ALS from any plant of interest generally as follows: 

(1) isolate genomic DMA or mRNA from the plant; 
45 (2) prepare a genomic library from the isolated DNA or a cDNA library from the isolated RNA; 

(3) identify those phages or plasmids which contain a DNA fragment encoding ALS; 

(4) sequence the fragm^ encoding the ALS; 

(5) sut>-done the DNA fragment carryir^ the ALS gene into a cloning vehicle which is capable of produdng sin^e- 
stranded DNA; 

so (6) synthe^ze an oligonudeotide of about 15 to 20 nucleotides which is complementary to a particular ALS nude- 
otide sequerx:e encoding one of the annino actd sub-sequences recited above except for the nudeottde chang6(s) 
required to direct a nroitation to a codon for an amino acid selected for its ability to confer herbicide restetanco; 
(7) anneal the oligonucleotkje to the single-stranded DNA containing the region to be mutated artd use it to prime 
synlheas in vitro of a complementary DNA strarrd forming a heteroduplex; 

55 (8) transform bacterial cells with the heterodupleK DNA; 

(9) saeen the transformed bacterial cells for those cells which contain the mutated DNA fragnrtent by a) Inmobiiiz- 
ing the DNA on a nitrocellulose fSter, b) hybridizing it to the 5'-^P labelled mutagenic oligonudeotidd at ambient 
temperature, and c) washing it under condrtions of increasing temperature so as to selectively dissociate the probe 
from the wild-type gene but not the mutant gene; 
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(10) isolate a double-strand^ DNA fragment containing the mutation from the cdls canrying the mutant gene; and 

(11) confirm the presence of the mutation by DiMA sequence artatysis. 

An amino acid sii>stitution required for herbicide resistance can also be achieved by substituting a nucleotide 
5 sequence of a plant ALS gene which encodes a sequence of amino acids containing the antino acid to be 8ut)stituted 
with another rucleotide sequence, which encodes the corresponding stretch of anmrto acids contairting the desired sub- 
stitution, derived from any natural ALS gene (including microbial) or from a synthetic source. 

Preparation of Herbicide- Resistant Plants 

10 

The nucleic acid fragments of the present invention can be us^ to introduce herbicide r^istance irrto plants. In 
order to introduce a nucleic acid fragment which includes a gene encoding herbicide resistant ALS into different plants, 
a wide variety of techniques are used depending on the species or cultivar desired. In gerteral. explants or protoplasts 
can be taken or produced from either in vitro or soil grown plants. Explants or protoplasts may be produced from coty- 

15 ledons, stems, petioles, leaves, roots, inftmature entbryos. hypocotyls, inflorescences, etc. In theory, any tissue which 
can be manipulated in ^dtCQ to give rise to new callus or organized tissue growth ^n be used for genetic transformation. 

To achieve transformation, esqalants or protoplasts n^y be cocultured with Agrobacterium. which can be induced to 
transfer nucleic acid fragments located between the T-DNA borders of the Ti plasnrdd to the plant cella Another method, 
less comnrtonly used, is direct DNA uptake by plant protoplasts. With this method, the use of Aprobacterium is bypassed 

20 and DNA is taken up directly by the protoplasts under the appropriate concfitions. 

In the samples, a variety of explants from different plants have been cocultured with Aqrobacterium to achieve 
transformation to herbicide resistance. These explants were cultured to permit callus growth. The callus was then 
tested directly for resistance to sulfonylureas, or plants were regenerated and the plants were tested for sulfonylurea 
resistance. Testing consisted of an enzyme assay of plant cell 6>ctracts for the presence of ALS activity resistant to her- 

25 bicide and/or growth of plant cells in culture or of whole plants in the presence of nornrally inhibitory concentrations of 
herbicide. 

The DNA fragments are comprised of a region coding for the synthesis of hertMCide-resistant ALS and a region pro- 
viding for expression of the coding sequence in plants. The 8.3 kb DNA fragment shown in Figure 2 which codes for the 
herbicide-resistant ALS protein shown In Figure 4 contains about 800 bp in the 5* direction (upstream) of the coding 

30 region, sutticient tor expr^sion ot the protein in plants. This DNA fragment can confer resistance to chlorsutturon up to 
2000 ppb in transformed tobacco calluses. Plants regenerated from the transformed celts also show resistance at the 
whole plant level. The 6.3 kb DNA fragment shown in Figure 3 which codes for the herbicide resistant ALS protein 
shown in Figure 5 contains 2.5 kb in the 5* direction (upstream) and 1 .8 kb in the 3' direction (downstream) of the coding 
region sufficient for expression of the protein in plants. This DNA fragment can confer resistance to chlorsutfuron at 

35 2ppb in transformed tobacco calluses. 

In work which is on-going, DNA fragments containing srte-directed mutations in the SURA gene that are expected 
to code for hert)ictde resistant ^iLS have been nrade. These mutations result in the following amino add substitiitlons: 
Ala 122 to Ser, known to be opdrat>le in E. cqH ALS isozyme II and yeast ALS, Ala 122 to Vat, known to be operable in 
E. ^ ALS isozyme 11 and yeast ALS, Ala 122 to Pro, krtown to be operable in yeast ALS, Pro 197 to Ser, known to be 

40 operaWe in yeast ALS. and E. ALS !l enzyme. Pro 1 97 to Ala, known to l>e operable in ALS encoded by the SURB- 
Hra gene of tot>acco. Lys 256 to Giu, known to be operat)le in yeast ALS, Asp 384 to Val, known to be operat)le in yeast 
ALS and Trp 591 to Leu. known to be operable in yeast ALS and ALS encode by the SURB-Hra gene of tobacco. By 
comt^ning the atxive mutations, double mutations. resuHirtg in two amino ackJ substitutions such as Ala 122 to Ser and 
Pro 197 to Ser. or Ala 122 to Ser and Pro 197 to Ala. or Pro 197 to Ala and Trp 591 to Leu, or Pro 197 to Ser and Trp 

^ 591 to Leu have also been made. These mutations were nrade in a DNA fragment that included only atx)ut 160 bp in 
the 5* direction (upstream) and only atx)ut 600 l>p in the 3* direction (downstream) of the ALS coding sequenca These 
DNA fragments were introduced into tobacco by transformation. Herbicide resistance was not expressed in these trans- 
lormants. ft is believed that utilization of the regulatory s^uences four^j sufficient for expression of hert»cide resistance 
with the SURA-C3 mutant coding region, namely 2.5 1^ in the 5* directbn (upstream) and 1.8 kb in the 3* direction 

so (downstream) of the coding region, would trave resisted in expression of herbictde resistance with alt of the srte-directed 
mutations in the SURA coding region. 

Site directed mutations that are expected to code for herbictde resistant ALS have also been made in the sugart>eet 
ALS gene. These mutations result in the following amino actd substitutions: Ala 122 to Pro. known to be operable in 
yeast ALS, Pro 197 to Ala, known to be operable in ALS encoded by the SURB-Hra gene of tobacco, Trp 591 to Leu. 

55 known to be operable in yeast ALS and in ALS encoded by the SURB-Hra gene of tobacco and the double mutant. Pro 
197 to Ala and Trp 591 to Leu. known to be operable In ALS encoded by the SURB-Hra gene of tobacco. 

The nudeic acid fragments of the invention generally can be introduced into plants directly or in a nucleic add con- 
struct comprising the desir^ nucleic acid fragment The nudeic acid construct can be derived from a bacterial plasmid 
or phage, from the Ti- or Ri-plasmids. from a plant virus or from an autonomously replicating sequence. One preferred 
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means of introducing the nudec add fragment into plant cells comprises use of Ag r pl?fl Ctfiam ItMmgteQifiQS containing 
the nudeic add fragment between T-DNA borders either on a disarmed Tt-plasmkJ (that is, a Ti-ptesmtd from which the 
genes for tumorigenidty have been deleted) or In a binary vector in trans to a Ti-plasnvd with Mi functior^. The AgcQi 
bacterium can be used to transform plants by inoculation of tissue explants, such as stems or leaf discs, or by co-cuKi- 
5 vation with plant protoplasts. Another preferred means of introdudng the present nucleic add fragment oonrtprises direct 
Introduction of the fragment or a vector containing the fragment into plant protoplasts or cells, with or without the a^j of 
elecfroporation, polyethylene glycol or other agents or processes known to alter membrane permeafc»lity to macromol- 
ecules. 

The nucleic ac^ fragments of the invention can be used to fransform prc^oplasts or cell cultures from a wtde range 
10 of higher plant species to form plant tissue cultures of the present invention. These spedes include the dicotyl^onoie 
plants tobacco, petunia, cotton, sugarbeet, potato, tomato, lettuce, melon, sunflower, soybean, canda (rapeseed) and 
other Brassica spedes and poplars; and the nfK>noootyledonous plants cora wheat rice, Lolium multif lorum and Aspar- 
aqus officinalis . It Is expected that all protoplast-derlv^ plant cell lin^ can be stably transformed with the fragments of 
the invention. 

75 The nucleic add fragments of the invention can also be introduced into plant cells with subsequent fomnaftion of 
transformed plants of the present invention. Transforration of whde plants is accompli^ed in plants whose cells cso) 
be transformed by foreign genes at a stage from which whole plants can be r^enerated. In the present invention, trans- 
fo-med plants are monocotyledonous and dicotyledonous plants. Preferat>ly. the transformed plants are selected from 
the group consisting of tobacco, petunia, cotton, sugarbeets, potato, tomato, lettuce, sunflower, soybean, canola and 

20 other Brassica ^ecies. poplars, alfalfa, dover. sugarcane, barley, oats and millets; see "Haru&ook of Plant Cell Cul- 
ture" Vds. 1-3. Evans. D. A. et al.. Sharp et al., and Ammtrato et al., re^ectively. MacMillan, N.Y. (1983, 84). Mc^ pref* 
erabty. the transformed plants are selected from the group consisting of tobacco, petunia, potato, torhato. sunflower, 
sugart^et, aHalfa. lettuce or Brassica spedes. The range of aop species in which foreign genes can be infroduced is 
expected to increase rapidly as tissue culture and transformation methods improve and as selectable markers suc^ as 

25 the fragments of the invention (see discussion below) become available. 

One could further increase the level of expression of the nucleic add fragments of the invention by replacing their 
native regulatory nucleotide sequences, 5* and 3* to the ALS coding sequence, with synthetic or natural sequences 
known to provide high level and/or tissue ^ectf ic expression. One nrtay also substtute the nucleotide sequences of the 
nudeic add fragments of the invention with other synthetic or natural sequence which encode transit peptide which 

30 will allow ettidem chtoroptast uptake of the nucleic add fragments of the Invention. 

The nucleic add fragments of the present invention also have utility as selectable markers for both plant genetic 
studies and plant cell fransfbrmations. A gene of interest generally conferring some agronomically useful trait dis- 
ease resistance, can be infroduced into a population of sensitive plant ceils physically linked to a nucleic add fragment 
of the pres&it invention. Cells can then be grown in a medium containing a herbicide to which the ALS flooded by a 

35 fragment of the invention is resistarrt The surviving (fransfomned) cells are presumed to have acquired not only the her- 
bicide resistance phenotype, but also the phenotype conferred by the gene of interest. The nudeic acid fragments csin 
be introduced by cbning v^des, such as phages and plasmids. plant viruses, and by direct nud^c add int^c^Qction. 
Subsequently. In a plant br^^lng program, the agronomically useful fralt can be Infroduced into various cultlvars 
through standard genetk: aosses. by following the easily assayed herbicide resistance phenotype assodated with the 

40 linked selectable genetic marker 

Trar^rmed plants of the present invention are resistam to many of the sulfonylurea, friazolopyrimidine sulfbna- 
mtde and imtdazolinone hertMcides. These herbicides are disdosed in the following patents and published F^tent appli- 
cations as follows: 
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U.S. 4,127.405 


U.S. 4,383,113 




U.S. 4.169,719 


U.S. 4,394,153 




U.S. 4,190,432 


U.S. 4,394,506 


10 


U.S. 4.214,890 


U.S. 4,420,325 




U.S. 4,225,337 


U.S. 4,452,628 




U.S. 4.231.784 


U.S. 4.481.029 


15 


U.S. 4,257,802 


U.S. 4.588,950 




U.S. 4,310,346 


U.S. 4,435,206 




U.S. 4,544,401 


U.S. 4,514,212 




U.S. 4.435,206 


U.S. 4.634,465 
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25 TriazQiopvrimidine sulfonamides 

South African Application 84/8844 (publiehed 5/14/85) 
Imtdazolinones 



30 



U.S. 4,188,487 

EP-A-41.623 (publishecl 12/16/81) 
The nucleic acid fragmerrts of the present invention encode ALS which rs resistant to the following suKonylurra her- 
bicides: 



40 



JSO^WHCNR 



( 



I 



45 



wherein 
R 



isHor CH3; 
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is H. a, Br. R CH3. NO2, SCH3. OCF2H. OCH2CF3 or OCH3: 
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n 
R3 


S CI, NO2. CO2CH3, COgC^Hs^ S02N(CH3)2, SO2CH3 Of SO2C2H5; 


R4 


s C1-C3 alkyl. CI. Br, NO2. COgRg, CON(CH3)2. S02N(CH3)2. S02N{OCH3)CH3 or S(0)mRi2: 


R5 


s C1-C3 alkyl, C4-C5 cycloalkylcaftxjriyl. F, CI, Br, NO2, CO2R14, S02N(CH3)2, SO2R12 or phenyl; 


Re 


s H, CrCs alkyl, or CH2CH=CK^; 


R7 


s H, CH3. OCH3, CI or Br; 


Re 


s H, F, CI. Br, CH3, OCH3, CF3. SCH3 or GCFgH; 


R9 


s CrC4 alkyl. C3-C4 alkenyl or CH2CH2CI; 


Rio 


sHor Ci-C^ alkyl; 


R11 


sHor C1-C2 all^l; 


R12 


sCrCs alkyl: 


R13 


s H or CH3; 


Rl4 


s CrCs alkyl or CH2CH=CH2; 


m 


6 0, 1 or 2; 


n 


s 1 or 2; 


Q 


SCH2, CHCHaOrNR^g; 


Ris 


sHor CrC4 alkyl; 


P 


s 0 or CH2; 


R16 


s H or CH3; 


Rl7 


sC(0)NRi8Ri9: 


R18 


s H or CH3; 


Rl9 


SCH3; 


R20 


s H. CI, F, Br. CH3. CF3, OCH3 or OCF2H; 


R21 


s H or CH3; 


X 


s CH3. OCH3, OC2H5 or NHCH3: 


Y . 


s CH3. C2H5. OCH3. OC2H5. OCF2H. OCH2CF3, CI. CH2CX)H3 or cyclopropyl; 


z 


s CH or N; 



and their agriculturally suitable salts; 
provided that 

a) when Y is a, then Z is CH and X is OCH3: 

b) when Y Is OCFgH, then Z Is CH; 

c) when J Is J-1 and R, Is OSO2R12 or phenyl, then Y ^ other than OCF2H; 

d) when J is J-2. then Y is other than OCF2H or OCH2CF3; and 

e) when J is J-3 and R4 is S(0)„,Ri2. then Y is other than OCH2CF3. 

Sutfonyiurea herbicides tcf 9vhich the ALS is particularly resistant include 
1) Conrtpounds of Formula I where 
J is J-1; 

Ri is a, CH3, C1-C4 alkoxy. CrC2 haloaikowy. allylOKy. propargyloxy, CO2R9. CONR10R11. 

S02N(OCH3)CH3. SO2NR10R11. S(0)„,Ri2. OS02Ri2. phenyl or 



2) Compounds of Formula I where 

J is J-2; 

R is H; and 

R3 is S02N(CH3)2. CO2CH3 or COgCgHg, 

3) Compounds of Formula I where 
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IS 



3S 
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55 



J is J-3 

R is H; and 

R4 is CO2CH3 or CO2C2H5; 

4) Compounds of Formula I where 

J i6J-4; 
R isH; 

R5 is CI. Br, CO2CH3. CO2C2H5 or 

O 

-=<] 



Re is CH3; and 

R7 isK ClorOCHa; 

20 5) Compourtds of Formula I where 

J is J-5: 

R isH; 

R5 is CO2CH3 or CO2C2H5: and 

25 R7 is H or CH3. 

6) Compourtds of Formula I where 

J is J-6; 

30 Q rsCHCHaor NR15: 

R is H; and 

Ra is H, F. CI. CH3, OCH3. CF3 or SCH3. 



7) Compounds of Formula I where 

J isJ-7; 

R isH; 

R is O: and ^ 

Rs is H, F. CI, CH3. OCH3. CF3 or SCM3. 

8) Compounds of Fomnula I where 



J i&J-8; 

R isH: 

45 R,e is CH3: and 

Rg is H. F, CI. CH3, OCH3. CF3 or SCH3. 

9) Compounds of Formula I where 

50 J is J-9: 

R is H; and 

Ru is C(0)N(CH3)2. 



10) Compounds of Formula I where 
R isH; 

Ri is a. Ci-C4 alkoxy, OCFgH. OCHgCHgO. COgF^. CON(CH3)2, S02N(CH3)2, SOgR^a or OSOgR^; end 

R2 is H, CI. CH3. or OCH3. 
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The nucleic add fragments of the present invention encode ALS which is resistant to the following triazolopyrimi- 
dine sutfonanrudds: 



5 




II 



75 wherein 

At is 



20 



25 




Rq is CyC4 alkyi. F. CI. Br. I. NOa. S(0)pR<j. COORo or CF3: 

R5 is H. F. CI. Br. I, CrC4 alkyl or COORo; 

30 Rc Is H. C1-C4 alKyl. F. CI. Br. I, CH20Rd. phenyl. NO2 or COOR^; 

Rd is C1-C4 alkyi; 

Rfl is C1-C4 alkyI, C1-C4 alkenyl. C1-C4 alkynyl, or 2-ethoxyethyl; 

V is K C1-C3 alkyi. ally), propargyl. benzyl or C-1-C3 alkylcartx)nyl; 

Xi. Yi. and Zi. are independently H, F. CI. Br. I. C1-C4 alkyI 0^02 alkylthio or C1-C4 alkajty; and 

35 p is 0. 1 or 2. 



Triazoiopyrimtdinesutfonariilde h&bickJes to which the ALS is particularly r^lstant include 

1) Compounds of Fornrujla II where 

40 

V isH. 

2) Compounds of Preferred 1 where 

45 Xi isHorCHg: 
Yi is H; 

Zi is CH3; and R^ arrd 1^ are not simultaneously H. 
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The nudeic acid fragments of the present invention encode ALS which is resistant to the following imidazolinones: 




Rf isCi-C4alky); 

Rg is Ci -C4 alkyi or Ca-Ce cydoalkyi; 

A| is COORi, CH2OH or CRO; 

Rj is H; C1-C12 alkyI optionally substituted by CyCz alkyl. Ca-Cg cydoalkyi or phenyl; C3-C5 alkenyl 

c^JtionkBy substituted by phenyl or 1-2 0^0^ alkyl. F. CI, Br or I; or C3-C5 alt^yl optionSlIysubsti- 
tuted by phenyl or 1-2 C1-C3 alkyl, F. CI, Br or I; 

B is H; C(0)Ci -Ce alkyi or C(0)phenyl optionally substitute by CI, NOg or OCH3; 

X2 is H. F, CI, Br, I. OH or CH3: 

Y2 and 22 are independently H, CrC© alkyl, Ci-Ce alkoxy, F, O, Br. I, phenyl, NO2. CN, CF3 or SO2CH3; 

X3 isH, Ci-Caalkyl. F. CI. Bf, lorN02:artd 

U M. Q and Rh are independently H. F. O. Br. I. CH3. OCH3. N02. CF3, CN. U(CH^z, NHg. SCH3 or SO2CH3 pro- 
vided thai only one of M or Q may be a substituent other than H. F. CI, Br, I, CH3 or OCH3. 

Imtdoizolinone hert>tddes to which the ALS is particularly resistant include 

1) Compounds of Fornrujia III where 

B is H; and 

A, is COORj- 

2) Compounds of Preferred 1 where 

Rf is CH3; 

Rg isCH(CH3)2: 

X2 isH; 

Y2 is H, C1-C3 alkyl or OCH3; 

Z2 is H: 
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X3 is H. CH3, CI or NO2; and 

L, M.QandRh areH. 

Any of the aforementioned compounds may be applied alone or in combination to the site, pre- and/or post-emer- 
5 gence. Because the crop plant itseK is resistant to the herbictde(s), the ^^ectrum of herbickJe activity can be chosen for 
its efficacy In controlling the unwanted vegetation. 

The present invention is further defined in the following Examples. In which all parts and percentages are by weight 
and degrees are Celsius; unless otherwise stat^. It should be understood that these examples, white irtdicating pre- 
ferred embodiments of the invention, are given by way of illustration only. From the above disclosure and th^e exanv 
10 pies one skilled in the art can ascertain the essential characteristics of this invention, and without departing from the 
spirit and scope thereof, can make various changes and modifications of the Invention to adapt it to various usages and 
conditions. 

EXAMPI^E I 

75 

Tobacco (Nlcotiana tebacum cv. Xanttu) DNA from the Hra mutant was made according to the procedure of Dun- 
smuir et al. fJ. Mol. App. Genetics. 1983. g, 285). 2 x 13 g of 1-2 inch tobacco leaves were removal from plants and 
immediately ground in 2 x 20 mL buffer A (10 mM Tridne-KDH pH 7.6 - 1.14 M suaose - 5 oM MgCIa - 5 trM 2-mer- 
captoethanol) in the cold room, using nwrtars and pestles. An additional 40-50 mL of buffer A was added, artd the slur- 

20 rles were filtered through 1 6 layers of cheesecloth. The filtrates were centrrfuged at 2500 rpm In a Sorvall GSA rotor at 
4°C for 5 minutes. The p^lets were resuspended in 10 mL buffer A, another 100 mL of buffer A was mixed in, and the 
cells were centrrfuged as atxTve. The pell^s were then resu^end^ in 100 mL buffer A 0.4% Triton X-100. and left 
on ice tor 1 0 minutes, and centrrfuged as above. The pellets were washed twice more in the latter buffer. The final pel- 
lets were resuspended In 5 mL of resuspension buffer (50 mM Trrs HCI pH 8. 20 mM EDTA), 1 mL of resuspension 

25 buffer. 10% sarkosyl was add^. and the volumes were then adjusted to 10 mL with resuspension buffer. Proteirmse K 
was added to 100 fig/mL to the lysates, and the lysates were digested at 37**C ovemight The lysates were then brought 
to a density of 1.55 g/mL CsCI, and to a final concentration of 300 ^g/mL ethicfium bromide. The solutions were cerrtri- 
fuged in a Beckman Ti70.1 rotor at 40000 rpm at 15*'C for 24 hours, and the fluorescent DNA band was renrtov^ aft©* 
visualization with long-wave UV light To remove the DNA, holes were punched in the sides of the polyallomer tubes 

30 with an 18 gauge needle, and the viscous DNA was allowed to drip into collection tube. Great care was taken at all 
stages after ceil lysis to prevent shearing of the DNA. The DNA was again gently resuspend^ in a CsCI solution off 1 .55 
g/mL density and 300 p.g/mL ethidium bromide, and centrifuged at 40000 rpm at 15<*C for 48 hours, in a Sorvall 
TFT65.1 3 rotor. The DNA was again collected by side puncture of the tube. It was gently extracted 10 tinrtes with TE (1 0 
mM Tris HCI pH 8. 1 mM EDTA) saturated-isoamyl alcohol, and then dialyzed extensively against TE. 

35 The standard techniques of recombinant DNA and nrtolecular cloning used here are described in R. W. Davis, D. 
Botstein and J. R. Roth. Advanced Bacte-ial Gaieties, Cold Spring Hartx)r Laboratory. Cold Spring Harbor. NY (1980) 
and T. Maniatis, E. F. Fritsch ahd.SambrooK Molecular CloninoiA Laboratory Mantal. CokJ Spring Harbor Labofa^y, 
CoW Spring Harbor, NY (1^2).v 

A tobacco DNA library was constructed following the procedures of Maniatis et al (see above). Tobacco DNA was 

40 digests with the restriction enzyme Sau 3A to give a majority of fragments in the 20 kilcbase size range, as assayed 
by agarose gel electrophoresis. The fragments were loaded onto 10-40% sucrose (in 1 M NaCI, 20 mM Trie pH 8, 1 mM 
EDTA) gradients and size-fractionate by centrrfugatton in a Beckman SW 28 rotor at 26000 rpm at 17*C for 16 hours. 
Fractions from the suaose gradients were ootlectGd and ar>alyzed by agarose gel electrophoresis, arid fractions con- 
taining fragments in the 20 kilobase size range were dialyzed against TE and ethanol precipitated. They were then 

45 ligate to Bam H I cut phage lamtsda EMBL3 arms, at a 2:1 n^lar ratio, and package into lambda phage he&ds. follow- 
ing the instructions supplied t>y the manufacturer of the lambda arn^ and packaging reactions (Stratagene Cloning 
Systems. San Diego. CA). 

A tobacco DNA library of 400000 phage was plated on the host strain £. CQh LE 392 (Silhavy, T J., Berman. M. L 
and Enquist L W. (1984), "Experiments with Gene Fusior^,' Cold Spring Harbor Laboratory, Cold Spring Hartx>r, N.Y.) 

50 at a density of 50000 phage per 1 50 mm Petri dish, on 1 0 plates. Duplicate nitrocellulose fitter lifts of the phage plaques 
were made according to the procedure of Maniatis et aL. and were hytsrtdized with ^^P-labeled probes carrying either 
5* or 3' ALS gene fragments produced in a n^boprcbe tebeltng system R&xiprobes were synthesized according to 
procedures accompanying the riboprobe kit sdd by Promega Biotech (Madison, Wl). Plaques that gave positive signals 
on films from both sets of filters were picked and the purification process was reiterate, until well-isolated hybridizing 

55 plaques were obtained. 

Mtnipreps of the DNA from plaque purified phage were analyzed by restriction enzyme digestiona Tm classes of 
cloned tobacco DNA fragnnent inserts were distingui^ed as shown in Rgure 1. Phages 1.2, 17 and 18 cmtained 
inserts related to the previously isolated ALS gene from the SURA locus, encoding herbicide sensitive ALS. Phage 3 
contained an insert distinct from the atxsve whuch was expected to contain the SURB-Hra gene encoding herbiccdo 
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resistant ALS. EfflR t fragments that enoompassed the hybridizing regions of phage 3 were subcbn^ into M13 phage 
vectors and subjected to DNA sequence analysis, using oligonucl^)tides to extend the sequenced regions in overlap- 
ping segments. A single open reading frame of 1 992 nucleotides was found, and was identified as an ALS gene by com- 
parison of the deduced amino add sequence with conserved regions of the amino acid sequences of ALS proteins from 
other species. 

ALS genes isolated from the herbicide-resistant mutant tobacco. Hra. were introduced into sensitive tobacco cells 
via the "binary vector system employing Aqrobact^ium tumefaciens . The ALS genes were first introduce into a binary 
vector in A. tumefadens via plasmid conjugation, and the engineered A- tumefadens were then used to transform plant 
cells with the foreign genes via coKSjItivation. 

A) Introduction of the Isolated Tobacco ALS Genes into tumefadens : 

0 Construction of Binary Vectors: The standard techniques of recombinant DNA and nrtolecidar cloning used here 
are described in R. W. Davis, D. Botstein and J. R. Roth, Advance Bacterial Genetics. Cold. Spring Hartjor Labo- 
ratory, Cold Spring Harbor. NY (1980) and T. Maniatis, E. R Ritsch and Sanft)rook. Molecular aoninoiA Laboratory 
yanuaL Cold Spring Harbor Laboratory. Cold ^ring Hart^or, NY (1982). The purified 8.3 (diobase I nucleic 
acid fragment of the invention, which was isolate from the Hra tobacco mutant and which contains a coding 
sequence for a herbicide-resistant form of an ALS gene, was inserted Into the I site of the plasmid vector 
pMuc19 (J. D. G. Jones. R Dunsmiur and J. Bedbrook. EMBO Journal i:241 1-2418 (1^)). (Although, I and 
Xba I restriction enzymes recognize different DNA s^uences. the products of these digestions carry the same 5' 
overiianging sequence). The orientation of the insert fragment in one of the resultant plasmids, pAGSl48. was 
determined by restriction enzyme analyses (Rg. 2). 

The binary vector pAGSl35 was used to move plasmid pAGSl48 into A- tumefadens . Plasmid pAGS135 is 
derivaJ from plasmid pAGSl 12 (R Van den Elzen. K. Y Lee. J. Townsend and J. Bedbrook, Plant Mol. Biol.. 5:149- 
154 (1985)) by digestion of plasmid pAGS1 12 DNA with .Sbfi I restriction endonucl^se. treatment with the Klenow 
fragment of E. DNA polymerase I. and setf-ligatton of the DNA which effects the removal of the Xho I sKe out- 
side the T-DNA right border. Plasmid pAGS1 12 is derived from the wide-host range vector pLAFR (A. M. Friedman, 
S. R. Long. S. E. Brown, S. E. Buikenra and F. M. Ausubel. Gene. 18:289-296 (1 982)) by the insertion into pLAFR 
of an E^R I fragment in which the T-DNA borders f ^nk a gene for expressing kanamydn resistance in plants and 
a unique Bam H I site for cloning (Van den Elzen et. al.. Plant Mol. Biol.. 5:149-154 (1985)). CsCI purified plasmids 
pAGSl48 and pAGS135 were digests with Bam H I, and the resultant Bam H l-deaved plasmids were ligaled. The 
ligation mixtures were packaged into lanrtbda phage partdes in vitro and used to Infect Escherichia coli strain 
HBIOI. Transformants were selected on ampidllin. The physical map of a recombinant plasmid, pAGSl52, from 
one of the transformants was determined by restriction ar^lyses and is shown in Fig. 2. 

ii) Conjugation of Plasmid pAGSl52 from E fi^ into A- tumefadens : Plasm W pAGSl52 was introduced into A- 
tumefadens by conjugation essentially by the three-way mating method of Ruvkun, G. and Ausubel. F. M.. Nature. 
289:85-88 (1981). E. ^ strain HB101 hartx>ring plasmid pAGSl52 and g. strain HB101 hartx)ring''th§*mobi- 
lizing vector pRK2013 (ATCC 37159) (D. FigursW and D. R. Helinski. Proc. Natl. Acad. Sd U.S.A.. 25:1648-1652 
(1979)) were mixed with A- tumefadens strain LBA4404 hartx)ring plasmkJ pAL4404 (A. Hoekema, P. R. Hirsch. P. 
J. J. Hooykaas and R A..Schitperoort. Nature. 303:179-180 (1983)) artd allow«J to mate on sdttJ LB medium (J. H. 
Miller, Experiments in iVlolecular Genetics. Cold Spring Hartx)r Laboratory. CokS Spring Hartw. NY (1972)) at 28**C 
tor 16 hours. Transconjugants were selected on plates containing rifampk;in at 100 mg/liter and tetracycline at 1 
mg/Uter. A- tumefadens LBA4404:pAGSl52 was restreaked on minimal A medium containing tetracycline at 1 
mg/Wer. 

Essentially, a similar method was used to obtain both ^. tumefadens LBA4404 containing plasnmd pAGSl12. 
the binary vector without any plant nudeic acid fragment insert, and A- tumefadens LBA4404 containing plasmW 
pAGSl45. the binary vector containing a nudeic add fragment from phage done 1 . The latter fragment was also 
isotated from Hra mutant tobacco plants and carries a gene for a herbicide-sensitive form of ALS; this gene is not 
the wild type allele of the gene for the herbk;tde-r^istant ALS in the nucleic add fragment of the invention bUi the 
SURA gene from the second genetic loo®. 

B) Introductkxi of the teolated ALS Genes Into Sensitive Toteicco by Co-cUtrvatton of the Plant Cells with A- tumefa- 
dens LBA4404 (pAGS145) and LBA4404 (pAGSl52). 

All nr>aniputations of sterile media and plant nraterials were dc^e in laminar f bw hoods, under surtat)le containment. 
Plant growth and plant cell cultures were carried out at 27*^0 All protoplast manipulations were can-led out at room tem- 
perature unless otherwise mentk>ned. 
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Pay 1 (flft^rnQon): 

Protoplast isolation medium was prepared by adding the following to K3/S(1) Medium: 0.1% (wAr) d MES buff^ 
(Sigma Chemical Co.). 1% (^M of Cellulase (Onozuka or Cellulysin), and 0.1% of Macerase (Onozuka). After gertile 

5 stirring for appro}dmately 30 minutes, the pH was brought to 5.6 with KOH and the medium was f ilter-sterized. 

St^lle tobacco (NIcotiana tabacum var. Wisconsin 38) plants were cultured from 1 cm apical or auxiliary e»plants 
on OMS Medium in Magenta Boxes under a cyde of a 1 6 hour light period (6,000-8.000 lux) followed by an 8 hour c^rk 
period. When the plants were 5-7 weeks ofd. fully expanded leaves (3-6 leaves down from the apex) were removed, and 
two leaves each were placed, top surface down, on 20 mL of protoplast isolation medium in a 100 x 25 mm petri dish. 

10 The leaves were then submerged and finely divided with a sharp surgical blade. The midrib was held and the cuts were 
made outward from it towards the leaf margin at approximately 2 mm intervals. The petri cashes w^e then sealed with 
paraf ilm and the macerated tissue incubated overnight (U-1 7 hours) In darkness at 27-29'C with gentle gyrotory agi- 
tation (20-25 rpm). 

75 Dgy? (morning): 

A 75 mm filtering funnel, lin^ with four layers of cheesecloth, was clamped to a ringstand. A glass tube (approsd- 
mately 15 cm long and with an outer diameter o? <5 mm) was attached to the funnel with latex tubing. The funnel, 
cheeseck>th. latex and glass tubing were wrapped in alurranum foil and sterilized in an autoclave as a unit. 

20 The glass tubing was plac^ in a Babcock bottle, and the cheesecloth was wetted with K3/S(1) Metium. The 
digested leaf tissue from two petri dishes was carefully poured into the funn^. The cheesecloth was rinsed and 
expressed into the bottle. The loaded bottles were topp^ with K3/S(1) Medium, covered with foil and centrlfuged at 
approximately 100 x g for 10 minutes. The floating protoplasts (1-2 mL) were collected with a 1 mL serological pipette 
and placed in 20 mL of K3/S(1) M^tum in another Babcock bottla After resuspending the protoplasts by gently swirl- 

25 irtg. the Babcock bottles were topped and centrrfuged as before. The floating protoplasts (1-2 mL) were collected as 
described above and placed in 30 mL of K3/G(1) Medium. The protoplasts were counted in a hemacytometer, and the 
volume was adjusted to give 1 X 10*^^ protoplasts/mL 5 mL altquots of the protoplasts were plated in petri dishes [100 
X 20 mm tissue-culture petri dishes (Corning); th^e dishes were in all subs^uent protoplast manipulations] and 
cultured in darkness. 
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Dqy 2 (aftgrnpgn): 

A single colony of A. tumetaciens. contatnirtg the desired plant transformation vector, viz., pAGS1 12 (ptasmnJ vec- 
tor atxive). pAGSl52 (containing the nudeic actd fragment of the present invention) or pAQSl45 (containing a ruicleic 
3s acid encoding a sensitive form of ALS). growing on a Minimal A plate was inoculated into 5 mL of Minimal A Medium in 
an 18 mm test tube and cultured overnight on a roller drum at 40-60 rpm at 27-28"C. 

D a y 9{mQrnlng ): v 

CO The optical density of the A. tumefaciens cuKures was measured at 550 nm and adjusted to 0.15 with Minimal A 
Medium. arKj the bacteria were allowed to continue growing as described above 

Day3(aft9rn9gn): 

45 When the optical density (at 550 nm) of the A- tumefadens cultures was 0.6 (log phase cuKure). approxinrately 6 
hours after dilution, the bacteria were added to plant cells at a nujitiplicity of approximately 50 t>acteria/|9lant cell (an 
optical density of 1 .0 at 550 nm e 1 .4 x 10^ laacteria). The t>acteria and plant cell mixture was co-cultivated for 65 hours 
at 24''C in low light (approximately 500 lux). Non-tran^med protoplast corttrols were incubated similarly, but without 
agrobacteria. The following protocol is carried out for ^ch co-cultivation (transformed cells with different agrobacteria. 

50 as well as non-transformed cells). 

Pay 6 (mQminq): 

Co<:urtivation was terminated ty adding 20 mL of a 1 :1 mixture of K3/G(2) M^JiumiC Medium supplemented with 
55 500 mg/liter of cefotaxime (to select against the agrobacteria) to 5 mL of the co-cultivation mixture . The co-cultivated 
cells were gently and thoroughly resuspended In the new medium by mixing with a 5 or 10 mL serological pipette. The 
cell density was 2x10^ protoplast equivalents/mL (protoplast equivalents = initial protoplasts, assuming 100% recovery 
and cell sun^lval) and the osmoticum was 0.35 M. Three 5 mL aliquots of each culture were dispensed into f r^h path 
dishes. 
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From this juncture until the celts were embedded in solid medium, the celts were culture in tow light (500-1 500 lux) 
without motbn and were asepticatly transferred to different media. At the indicated times, cells from one plate of each 
culture were transferred to non-selective media, while cells from the other two plates of each cutture were transferred 
to selective media containing either 50 mg/liter of kanamydn or 2 ng/mL chlorsulfuron in order to select for transformed 
5 plant cells. For these transfers, the contents of each plate were collected with a 5 mL serological pipette, placed in sep- 
arate 15 mL polystyrene conical centrifuge tub^ and c^itrifuged at approximately 50 x g for 5-10 minute. The super- 
natant fluid was removed with a pipette without disrupting the loose pellet Pellets of co-cultivate cells from each plate 
were th^ gently resuspended in the afi^opriate fresh medium. 

10 Day 10 : 

The celts were transfen^ Into 5 mL of C Medium supplemertted with 500 mg/liter c^otaxime in the ^se of non- 
selected plarrt cells or with 500 mg/liter cefotaxime and either 50 mg/liter of kanamydn or 2 ngAnL chlorsutfuron In the 
case of selected cells. Each of these cultures was returned to the petrl dishes from which they were taken; In this way 
75 not ail cells needed to be pelleted to effect a medium exchange with minlrrml cell loss. 

Day 13 : 

Non-selected cells were transferred to 20 mL of a 3:1 mixture of C M6dium:MSP Medium supplemented with 500 
20 mg/liter of cefotaxime, and a 5 mL aliquot was dispensed into a fresh petri dish (at a density of 5 x 10^ protoplast equlv- 
alents/mL). The selected cells were resuspended in 5 mL of a 3:1 mixture of C Medium:MSP Medium supplemented 
with 500 mg/liter cefotaxime artd 50 mg/liter kanamydn or 2 ng/mL chlorsulfuron and retum^ to the original plates for 
furthier cutture. 

25 Day 16-17 : 

The cells were transferred to5mLofa1:1 mixture of C Medium and MSP Medium supplemented with 500 mg/liter 
cefotaxime alone (in the case of non-selected plant cells) or with 500 mg/liter cefotaxime and either 50 mg/liter of kan- 
amydn or 2 ng/hiL chlorsulfuron (in the case of selected cells) and cultured as before. 
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Day 20 : 

The non-setected cells were transfened to 25 mL of 1 :1 mixture of C Medium:MSP M^ium. and the mixture added 
to 25 mL of a 1 :1 mixture of a 2 X MSP Medium and 1% (wA^) type Vll agarose solution (SO'C). The resultant culture 

3£ was mixed quickly with a 25 mL wide-nrauth serological pipette and dispensed in 5 mL alkjuots into fr^h petri dish^. 
The suspended micro calluses in the agar solution were spread carefully and evenly aaoss the plates with agitation by 
hand. The plates were cos/ered artd left in the hood for one hour to solidify before they were wrapped in pafafllFh and 
renrtoved to the culture chamber. The celt density was about 5X10^ protoplasts equivalente/mL and the osmoticum was 
0.15 M. The embedded celts were counted on a colony counter approximately 10 days later (Tables 1 and 2. below). 

40 The selected cells were transferred to 20 mL of a 1 :3 mixture of C M^ium:MSP Medium containing 50 mg/liter of 
kanamydn or 2 ng/mL chlorsulfuron. Rve mL aliquots of the resuspended cultures (5 X 1 0"^ protqstast equivalents/mL) 
were dispensed into four fresh petri dishes per selected cutture and cultured as before. 

Day 23-24 : 

45 

Each 5 mL cutture of the selected cells was diluted with 7.5 mL of MSP Medium supplemented with 50 ntg/titer of 
kanamydn or 2 ng/mL chlorsulfuron in order to achieve a cell density of 2 X 10"*^ protoplast equivalents/mL This den- 
sity-adjusted culture was mixed with 12.5 mL of a 1 :1 mixture of 2X fy^SP Mecf um and 1 .0% (w/v) type Vll agarose solu- 
tion (SO^'C) supplemented with 50 mg/liter of t^r^mycin or 2 ngAnL chlorsulfuron. Five mL aliquots of the mixed cultures 
50 were quickly dispensed with a 25 mL wide-nnouth serological pipette into fresh petri dishes. The final plating density was 
1X10^ protoplast equtvalents/mL. and the osmoticum of the culture was 0.1 M. The plates were solidified as described 
above. The enrrbedded cells were scored for ^owth on a colony counter approximately 10 days later 

D ay 

55 

Ten to twelve individuat transformed calluses/colonies were picked and transferred with a No. 1 1 scalpel to a petri 
dish containing MSR medium with or without the appropriate selective agent for plant regeneratioa The cailiees were 
cultured at 27<'C. with a photo period of 16 hours of light (5000-8000 lux) followed by 8 hours of darkness. Shoots 
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appear^ after 2-3 weete and continued to be produced for several months. Shoots of 2-3 mm length were excised with 
a sharp surgical blade and transferred tor rooting to OMS Medium in Magenta boxes. 

After root formation (1 to 4 weeks), plants were transferred to soil for regeneratbn by the methods of R. S. Chaleff 
and M. F. Parsons. Proc. Natl. Acad. Sci.-U.S.A. 25:5104 (1978). and B. Tisserat in Plant Cell Culture: A Practical 
5 Approach, Ed. Dixon, R. A. IRL Press. Oxford (1985). 

Results of Co-cultivation: 

The results of the co-cuttivaticm experiments show that the nudeic acid fragment of the invention - t3ut not the 
10 tobacco SURA gene for the hert>idde-sensitive form of ALS confers herbictde resistance when introduced into herbi- 
ckie-sensitive tobacco cells (Tables 4 artd 5, t>elow). Since the nucleic add fragment of the invention can confer hert>i- 
cide resistance at a similar frequ^cy when introduced In either orientation with respect to the vector, tt is believed to 
contain the regulatory sequence both 5* and 3' to the coding sequence which are required for the expression of the 
herbidde-resistant ALS gena 

15 The level o1 herbicide resistance conferred by the nucleic acid fragment of the invention was determined by plating 
one hundred colonies each of pAGS152 transformed N. tabacum cells resistant to chlorsulfuron at 2 ppb and norvco- 
cultur^ wild type N. tabacum cells on different concentrations of chlorsulfuron. The number of colonies activ^y grow- 
ing on different concentrations of chlorsulfuron after one month was scored (Table 6, below). While wild type colonies 
are sensitive to chlorsulfuron at 2 ppb. colonies derived from co*cultivation with A. tumefadens containing pAGS152 

20 could tolerate up to 2000 ppb. This level of resistance of the transformants Is comparable to that o7 the l-Ira hert)ictde- 
resistant mutant tobacco from which the nucleic acid fragment of the invention was isolate, and it is about t^ fold 
higher than that of 84 herbidde-resistant mutant tot^aoco (parent of Hra). 
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Transfer of DNA from Phage Clone 1 to Sensitive^, 
tabacum Celts 
Number of colony forming units derived from 10^ 
protoplast equivalents one month after co-cultivation 






N.t7p1452 




no selection 


3.5x10^ 


3.6x10* 




Kanamycin 50 ^gAnL 


0 


5.9x102 


35 


Chlorsulfuron 2 ng/mL 


0 


0 



1 . Non-oocuttured (control) plant cells. 

2. Plarrt cells co-cultured with A- tumefadens hariaor- 
tng pAGSI 45. kanamycin resistance vector oontairv 
tng the totracco gens for hertKctde-sersitive ALS 
from phage clone 1 . 



45 



SO 



55 
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Tables 



Transfer of DMA from Phage Clone 3 to Sensitive tL tabacum 
Cells 

Nunrtber of colony forming units derive from 1 0^ protoplast ^uiv- 
alents one month after co-cultivation 






N.t7p1122 


N.t7p1523 


no selection 
Kanamydn 50 ^g/mL 
Chlorsutfuron 2 ng/mL 


2.0x10^ 
0 
0 


2.0x10^ 
2.5x10^ 
0 


1.6x10^ 
6.2 xlO^ 
6.5 xlO^ 



1 . Non-cocuhured (control) plant cells. 

2. Plant cells co-cuttured with ^. tumefatctens hart>cring pAGS1 1 2, 
kanamydn resistance vector. 

3. Plant cells co-curtured with A. tumefaciens hartxiring pAGS152. 
kanamydn resistance vector containing phage clone 3. 



Table 6 



Level of Chlorsutfuron Resistance in Cells of N.tabacum 

cv. W38 Transform^ with Mutant ALS Gene 
Number of Colonies Actively Qrowir^ After One Month 
on Selective Media^ 


chlorsdfuron (ppb) 


N. tabacunr^ 


N. tatjacum^ 
mutant ALS gene 


0 


100 


100 


20 


0 


100 


50 


0 


100 


200 


0 


100 


500 


0 


100 


2000 


0 


99 


20000 


N.D.'* 


6 


50000 


N.D.* 


0 



1 . Ona hundred ootontee plated at each chlorsutfuron 
level. 

2. Colonies derrved from non-cocufttired (control) plant 
cells. 

3. Colonies derrved from co-cuttivation with A- tumefa- 
ciens hartxying pAGS152 and irdttally selected for 
chlorsutfuron redislar>03 at 2ppb. 

4. Not determined. 
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10 



15 



20 



25 



K3 Medium 



ingr^ient 



K3 Major salts 
CaCl • 2H2O 
Fe EDTA 
B5 vitamins 
MS minors I 
MS minors II 
glucose 
or 

suaose 



Stock 



10X 
100X 
100X 
100X 
1000X 
1000X 



[FinaQ 



0.4M 



0.4M 



Amount/Liter 



100 mL 
10 mL 
10 mL 
10 mL 
1 mL 
1 mL 
72.08 gm 

136.8 



K3/S (1) - sucrose. phytohornrK)ne regime 1 (elevate 
^^3^0 (1) - glucose, phytohormone regime 1 (elevated) 
K3/G (2) - glucose, phytohornrone regime 2 (recJuced) 



1 - NAA 3.0 mg/liter 
BAP 1.0 mg/Iit^- 



2- NAA 0.1 mg/liter 
BAP 0.1 nrig/liter 



bring pH to 5.7. filter sterilize, and store at 5** 
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C-Medium 


Ir^gredient 


Stock 


[Final] 


Amount/liter 


C-Media majors 


10X 




100 mL 


Fe EDTA 


100X 




10 mL 


B5 vitamins 


lOOX 




10 mL 


MS minors 1 


1000X 




1 mL 


MS minors II 


1000X 




1 mL 


Mannitol 




0.2M 


36.44 gm 


Sucrose 




0.1M 


34.2 gm 


Mes buffer 




3.0mM 


590 mg 


NAA 


1 mgAnL 


0.1 mg/iiter 


100 ul 


BAP 


1 mg/mL 


0.1 nrtg/liter 


100 ul 


bring pH to 5.7. filter sterQIze, and store at 5*". 
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MSP -Medium (for cell prolrferation) 


Ingredi^ 


Stock 


[Final] 


Arrount/liter 


MS rrajore 


10X 




100 mL 


Fe EDTA 


100X 




10 mL 


B5 vitamins 


100X 




10 mL 


MS minors 1 


1000X 




1 mL 


MS minors II 


1000X 




1 mL 


Sucrose 




0.1 M 


34.2 gm 


Mes buffer 




3.0 n^ 


5S0mg 


NAA 


1 mg/mL 


0.1 mg/llter 


100 ut 


BAP 


1 mg/mL 


0.1 mg/liter 


100 ul 


bring pH to 5.7. filter sterilize, artd store at 5**. 



20 



MSR-Medium (for plant regeneration) 


Ingredient 


Stock 


[FinaO 


Amount/liter 


MS major 


10X 




100 mL 


Fe EDTA 


100X 




10 mL 


B5 vitamins 


100X 




10 mL 


MS minors 1 


1000X 




1 mL 


MS minors 11 


1000X 




1 mL 


Sucrose 




0.1 M 


34.2 gm 


;^es buffer 




3.0 mM 


590 mg 


NAA 


1 mgAnL 


0.1 mg/liter 


100 ul 


BAP 


1 mg/mL 


1 .0 mg/liter 


1.0 mL 


bring pH to 5.7, — > add agar 


Agar CT.C.) 




0.8% (w/v) 


8.0 gm 


autodave 


Kanarrycin Sulfate 


50 mg/tnL 


50 ug/mL 


1.0 mL 


or 








Chlorsulfuron 


1 mg/mL in 
5mMK0H 


as desired 





DtQ>ense 25 mL/1 00x25 mm petri dish arxd. if required, asepticalty add selective agents when media has cooled to 50**. 
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OMS-Medium (for plant maintenance) 


ingredient 


Stock 


[FinalJ 


Amount/liter 


MS niajors 


10X 




100 mL 


Fe EDTA 


100X 




10 mL 


MS minors 1 


1000X 




1 mL 


MS minors II 


1000X 




1 mL 


B5 vitamins 


100X 




10 mL 


Sucrose 




3.0% wA/ 


30 gm 


Mes buffer 




3.0 mM 


590 mg 


pH 5.7, — > add agar 


Agar (T.C.) 




0.8% (wA/) 


8.0 gm 


autoclave, di^ense 50 mUS" x 4** Magenta Box 



20 



25 


Minimal A Medium 




Ingredient 


Stock 


[Final] 


Anf)ount/liter 




K2HPO4 






10.5 g 


30 


KH2PO4 






4.5 g 


{NH)2S04 

Sodium citrate 2H20 






1.0 g 
0-5 g 




autoclave in 990 mL 


35 


MgS04 7H2O 


1M 


imM 


1.0 mL add sterile 




Gmcosg 


20% 




10.0 mL add sterile 



To solidify media: autoclave agar (1 5 gm/liter) DIfco Bacto. In separate 500 mL volume. Then mix salts and agar before 
40 dispensing. 



45 
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Stock 


Ingredient 


[Final] 


Amount/Liter 


MS major salts (10X) 


NH4NQ3 


20.6 mM 


16.5 g 




KNO3 


18.8 mM 


19.0 g 




MgS04 7H2O 


1.5 mM 


3.7 g 




KH2PO4 


1.25mM 


1.7g 




CaClg 2H2O 


3.0 mM 


4.4 g 


C-M&jium major sahs (10X) 


NH4NO3 


5.0 mM 


4.0 g 




KNOa 


15.0 mM 


15.2 g 




MgS04 THgO 


3.0 mM 


7.4 g 




KH2PO4 


0.5 mM 


0.68 g 




CaClz 2H2O 


3.0 mM 


4.4 g 


K M^ium major salts (10X) 


KNO3 




25.0 g 




(NH4)2S04 




1.34 g 




MgS04 7H2O 




2.5 g 




KH2PO4 




2.01 g 




NH4NO3 




2.5 g 


CaCl2 2H20 (100X) 


CaCl2«2H20 




92.3 g 


Fe-EDTA(IOOX) 


NaaEDTA 




3.73 g 




FeS04 • THgO (dissolve 




2.78 g 




E DTA entirely l?ef ore 








adding FeS04: pH to 3.0) 






Ms minor l(IOOOX) 


H3BQ3 




0.620 g 




MnCl2«4H20 




1.980 g 




ZnS04 • 7H2O 




0.920 g 


MS minor ill (1000X) 


Kl 




S3 mg 




Na2Mo04-2H20 




25 mg 




CuS04*5H20 




2.5 mg 




C0(./l2 * 0n20 




2.16 mg 


B5 vitamirre (100X) 


nicotinic acid 




0.1 g 




thiamin HCI 




1.0 g 




pyrtdO)dne HQ 




0.1 g 




myo-inositol 




10.0 g 


NAA 


Naphthelene acetic acid 




I.Og 




1 mg/mL (dissolve in 








dilute KOH) 






BAP 


Benzylamino purine 1 




1.0 g 




mg/mL (dissolve in dilute 








HCI) 
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Suf^emental Apparatus, Chemicals & Media 


MES buffer (2 [N-Morpholino] ethanesulfonic Add) 


Sigma No. M-8250 


Agarose Type Vlt Low Gelling Temperature (stock 
maintained molt^ at SO"") 


Sigma No. A-4018 


Cellulysin^ 


Calbtochem 21S466 


Macerase^ 


Calbiochem 441201 


Cefotaxime, sodium salt 


CalbiocTiem 219380 


dilute w/g.d., sterile H2O store @ 5"*. dark. < ^Oday 
as 50 mg/mL stock 




Kanamycin Sulfate dilute w/g.d., H2O, filter sterile 
store ® -20*. dark as 50 gmAnL stock 


Sigma No. K-4000 


Chlorsulfuron 


E. L du Pont de Nemours and Conrrpany, Wilmington, Del- 
aware 19898 


1 00 mm X 20 mm tissue culture petri dish 


Corning 25020 


Bakx^oc^ tsottte 


Kimble 


Centrifuge (Babcock compatble) 


Damon/IEC Division HN-SII 


Magenta Boxes 3" x 4" 


Magenta Corp. 4149 W. Montrose Ave Chicago, IL 68641 


T.C. Agar 


KC Biological CR-100 
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EXAMPLE II 

Tobacco DNA from the C3 mutant was prepared and a genomic DNA library in bacteriophage vector EMBL3 was 
constructed as described in EXAMPLE I. Phage carrying ALS genes were cdentrfied, as desaibed in EXAMPLE I. by 

35 hybridization to a ^^P-labeled 5' tobacco ALS gene fragment probe. 

Six independent recombinant phage were isolated in a screen of 600.000 recombinants from the C3 library. 
Restriction endonuclease arWlysis of these isolated phage Indicated that the DNA inserts of three phage colft^e 
aligned with the SURA gene from the Hra library (phages 35. 36 and 38). The remaining three phage (phage 31 , 34 artd 
37) had DNA inserts corresponding to the SURB gene. It was expected that the ALS gene carried on phages 35. 36 

40 and 38 would be the SURA-CS gene, encoding herbicide resistant ALS and the ALS gene carried on plages 31 . 34 and 
37 would be the SURB gene. encoc£ng herbicide sensitive ALS. 

DNA fragments from phages 31. 35 and 38 were subdoned into the pUCi 19 plasmid and subsequently into the 
pAGSl35 binary vector essentially as described in EXAMPLE I. An approximately 8.3 kb Soe I restrkrtion endonudease 
fragment from phage 31. analogous to that present in pAGSl48 (Rg. 2), but carrying the SURB gene encoding herbi- 

45 cide sensitive ALS. was subdoned In both possible orientations in the vector. An approximately 6.3 kb Spe l- Sal 1 
restriction endonudease fragment from phage 35 and an approximately 7.8 kb Spe I - Sal I fragment from phage 38 were 
sutx:loned yielding pALS35(ATCC #67424) and pALS38. respectively The fragments induded 2.5 kb in the 5* direction 
(upstream) of the ALS coding region. 2.0 kb of ALS coding sequence.^ncoding hert»dda resistant enzyme and 1 .8 and 
3.3 kb. respectively in the 3' direction (downstream) from the ALS coding region. The latter two sutx:k>ned fragments 

50 contain a Bam H I restriction endonudease site. Partial Bam H I digestions or pALS35 and pALS38 were employed for 
insertion of these plasmtds into the Bam H I site of the binary vector pAQSl35. The ALS genes in the binary vector, des- 
ignated p312. p313. p351 and p381 (TaUe 7) were moved into A. tumefad^s by tri-^rentat mating, as desaibed in 
EXAMPLE I. 

Introduction of the ALS genes into herbicide sensitive tol>acco by co-cultivaticn of plant cells with ^ tumefadgis 
55 carrying the ALS genes in the binary vector was performed as described in EXAMPLE I. The results of these co-cutti- 
vation experiments are shown in Table 7. The ALS gene isolated In phage 31. i.e. the SURB gene encoding hert>icide 
sensitive ALS, yielded no heri^iccde resistant plant ceils, as expected. The ALS gene isolated in phages 35 and 38, i.e. 
the SURA'C3 gene encoding herbicide resistant ALS did yield hert)idde resistant plant cells. Hert>icide r^etant plant 
cells arose at a lower frequency than kanamydn resistant plant cells and at a lower frequency than was observed when 
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the SURB-Hra gene was us^. This may reflect either the lesser resistance to the herbicide of the ALS enzyme 
encoded by the SURA-C3 gene compared to that encoded by the SURB-Hra gene, or the lower expression of the 
SURA-C3 gene compared to the SURB-Hra gene, or both. 



Table? 



ALS Reintroduction Exp. 3 
Transfer of DNA from phage clones 31 . 35 & 36 to Sensitive N.tabacum Cells 
Number of Colony Forming Units derived from 10^ Protoplast Equivalents One Month after Co-cultivation 




N.t."* 


N.t/p1522 


N.ty p3122 


N.t./p313'* 


N.i/p351^ 


N.tJp381® 


no selection 


2.1x10^ 


1.5x10^ 


1.1x10^ 


1.9x10^ 


1.5x10^* 


1.4x10^ 


Kanarnycin 50 ug/ml 


0 


88 


65 


48 


139 


87 


Chlorsulfuron 2 ng/ml 


0 


83 


0 


0 


32 


18 



1. Non co-cuttured plant cells. 

2. Plant cells co-cultured with A, tumefactsns hartxn-tng pAGSl52. S4/Hra subdorts. 

3. Plant cells co-cuHured with A. tumefactens hartsoring pAGS312. 03 subclone, <>31 (orientatton 1). 

4. Plant cells co-cuttured with A. tumefactsris hartxjring pAGS3l3> C3 sukxione, 031 (oriematcon 2). 
20 5. Plant cells oo-cultured with A. tumefactens hartxiring pAGS35i , C3 subclone. (t>35. 

6. Plant cells co^ultur^ with A. tumefaciens harboring pAGS381 , C3 subclone, ^Q8. 
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EXAMPLE III 

Mutations were made in the wild-type SURA gene of tobacco ia vrtro in order to make it encode a herbicide resist- 
ant ALS. Restriction endonudease fragments containing part of the SURA gene were subcbned into Ml 3 phage vec- 
30 tors or plasmid vectors contatnir^ an M13 origin of replication to allow productton of angle-stranded DNA. The specific 
DNA fragment sutxloned depended upon the region to be mutageniz^ jn vitro and the availability of restriction endo- 
nudease sites. 

Oligonucleotides 16-17 bases in lerrgth, which hybridize to the single-strartded DNA from the SURA ALS gene 
with single base mismatches, were synthesized. These mismatches were designed to convert amino accd codons found 

35 in the wild-type ALS gene to the codons found in ALS genes which encode ALS enzynr>6S resistant to sulfonylurea her- 
bicides. These oligonudeotides include 5' GTTCAATTGGAGGATC 3\ to change trp 591 to lai, 5' GTCAAGTGGCACG- 
TAGG 3\ to change pr*' 197 to ala. and 5* GTCAAGTGTCACQTAGQ 3\ to change pro 197 &r2er, 5* 
ATGTACCTGAGGATATT 3*^ to Change lys 256 to glu. 5* GAGQTTTGTTGATAGAQ 3* tO Change a^ 384 to val, 
5'AGGTTTGAGGATAQAGT 3* to change asp 384 to glu. 5* TACTQATQATTTTCAGG 3* to change ala 205 to a^ and 5' 

40 C AGGTGGCCCTTCCATQ 3* to change ala 1 22 to pro. 

The oligonucleotide were hybridized to single-stranded DNA and used as primers for synthesis of a complemen- 
tary strand in a reaction catalyzed by the Klenow fragment of DNA polymerase I. following the procedures of Carter et 
al. fOlioonucleotide site-directed mutagenesis in M13. Anglian Biotechnology Limited. England, 1985). Th© resulting 
DNA was transformed into corr^^etent ssii mutL cells (Kramer et al.. 1984. Cell 33. 879). Individual plaques or cdo- 

45 nies were purified, depending on whether M13 phage vectors (M13mp18/19) or M13 replication origin plasmtd vectors 
(pTZ18R/l9R) were ised. Mini-prefis of single-stranded DNA were made arxl used in DNA sequencing reactions to 
identify dones that carri^ the mutated bases. 

These ia vitro constructed site-specific mutations can be incorporated singly or in oombirffltton into the wild-type 
SURA gene which includes the 5* and 3* regulatory s^uences needed to provide expression of the gene in plant cells 

so (see EXAMPLE II). This is accomplished by substituting restriction endonudease fragments carrying the mutations into 
a plasmid carrying the SURA gene from which the arialogois fragmern has been removed. The choice of the restriction 
fragment to substitute depends upon the position of the mutation in the gene and the availabirity of restriction ertdonu- 
clease sites. The introduction of the mutated SURA genes into plant cells is then accomplished as described in EXAM- 
PLES I and II. Any of the DNA fragments containing mutations which result in production of herbicide resistant ALS. as 

55 disclosed in the description of the invention, can be produced essentially by this method. Furthemrtore. the nrrutations 
need not be made exclusively in the SURA gene. Analogous mutations can be made in the SURB gene or any other 
plant gene encoding ALS for which DNA sequence information is available. 
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E X AMPLE IV 

DNA was pr^>ar6d from Beta vulgaris cv. Sennika (sugaibeet) and a genomic DNA library in bacteriophage 
lambda vector EMBL3 was constructed as described in EXAMPLE I. Recombinant phage (300,000) were screened by 

5 hybridization to a ^^P-label^ 5' ALS tobacco gene fragm&it probe as describe in EXAMPLE I. The filters were 
wash^ at 42*>C (0.1 XSSC) and 20 individual clones were Isolated. On the second round of purification the recombinant 
phage were hybridized to both the 3* tobacco ALS gene probe and the 5* probe. In addition, the filters which had been 
hybridized to the 5* probe were washed at 55°C. Only one clone, <^21. hybridized to both 5* and 3' probes and also 
remain^ hyt>ridiz6d after the 55*^0 wash. Minilysate DNA preparations were made from the 20 don^ and digested 

10 with Eco R I and Mco I. The different isolates had different restriction endonuclease digestion patterns and again only 
(}i21 hytxidized to both probes and remained hybridized after a 55°C wash. One phage, , also had a hybridizing k^and 
remaining after a SS^'C wash but it did not hybridize to the 3' probe. Rgure 7 shows the restriction endonuclease rrnp 
of the phage 4»21 , together with subclones which have t>een constructed from it The ALS coding region was localized 
to a 3.0 kb Bam H I - Hind III fragment by hybridization with 5' and 3* probes from the R. tabacum gene. Both DNA 

IS strands of this fragment have been sequenced. The Bam H I - Hind III fragment was subdoned into pUC1 19 or Blue- 
script vectors: then Exonuclease lit or M 31 deletions were generated. The dideoxy sequencing method was used. A 
conparison of the deduct amino acid sequence encode t>y the sugariseet gene with that of the tobacco gene(s) indi- 
cates no homology in the first 88 amino acids of the predicted protein (see Figure 8). This region may represent the 
chloroplast transit peptide. Thereafter the homology is approKimately 90% with an insertion of 4 amino ac\6s around 

20 residue 290 of tobacco ALS. Inspection of the amino add residues which d^ine the sites for herbicide resistance cderv 
tffied in tobacco and yeast Indicate that these residues are conserved in sugarbeet ALS alsa Th^e data allow a 
straightfon^ard approach to the construction of a gene encoding herbicide resistant sugarbeet ALS enzyme, by site- 
directed mutagenesis, as described in EXAMPLE III. 

Three sites ^ve been mutageniz^ in this sugart>eet gene. The codon GCA for ala at position 122 (numbering of 

25 amino acid residues from Figure 6) was changed to CCA for pro. the codon CCA for pro at position 197 was changed 
to GCA for ala and the codon TGG for trp at position 591 was changed to TTG for leu. The doubJe mutation yielding pro 
to ala at 197 and trp to leu at 591, which mimics the tobacco SURB-Hra gene, was also rrmde by combining the two 
single mutations. 

In order to transform plants with these in vitro constructed mutations in the sugarbeet ALS gene, DNA fragments 

30 containing the mutations and extending from the Bam H t site about 910 bp in the 5' direction (ipstream) o9 the coding 
region to the P§t t site about 1 000 bp in the 3* direction (downstream) of the coding region (see Figure 1 7) were doned 
into plasmid vector pUC1 19. These were introduced into the binary vector pAGS140 for transfbrmatbn Into plant cells 
as descrit>ed in EXAMPLE 1. The binary vector pAGSl40 is smilar to pAGS135 (Figure 2) except that between the 
Bam H I site and the right twrder of the T-DNA of the Ti-pJasmid of Aqrobacterium tumeffadens a gene which will conf^ 

35 resistance on plants to the antibiotic hygromycin was inserted. 

Introduction of the ALS genes into hert)idde sensitive tobacco and sugarbeet by co-cultivation of the plant cells 
with A. tumefaciens carrying ftre ALS genes in the binary vector, was performed as described in EXAMPLETSid 
EXAMPLE II. Results Of a co-cultivation experiment in tobacco are shown In Table 8. Herbicide resistant transformants 
were obtained with three of the four mutant sugarbeet ALS genes. The frequency of obtaining herbicide resistant trans- 

40 fornr«nts was lower than that tor kanamycin resistant transformants, and also lower than the frequency of herbicide 
resistant transformants obtained when the tobacco SURB-Hra gene was used. It is believed that this results from poor 
expression of the mutant sugarbeet ALS genes in tobacco. This may reflect either insufficient nudeotide regulatory 
sequences upstream or downstream of the mutant sugart>eet ALS genes In the DNA fragments used or poor utilization 
of sugarbeet nudeotide regulatory sequences in tot>acco or both. It is expected that the nmitant sugarbeet ALS gene 

45 which did not yield hert)idde resistant transformants would have dor^ so if more transformants had been obtained arrd 
tested. 



TabJe8 



50 


Herbicide Resistance in Plant Cells Transformed with Site Specific Mutant Sugarbeet ALS Genes 




Gene Origin 


Tot^cco 


Sugartjeet 


Sugart^eet 


Sugarbeert 


Sugart>eet 


55 


Mutation 


pro(197)-ala/ 
trp(591)-leu 


pro(197)-ala/ trp(591)-leu 


trp(591)-leu 


pro(197)-ala 


ala(122)-pro 


ChlorsuHuron^ 


698 


91 


2 


35 


0 




Kanamydn'' 


1083 


1362 


1080 


1073 


415 




Ch^/Kan« 


.645 


.67 


1.85x10-3 


.33 
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Gene introductions were done by standard ca<:uftfvation method. For each construction an aliquot of the co-cultured 
plant celts (2X1 0^ starting plant cells) was scored for chlorsulfuron and another aliquot for t^nam^n resistance. Selec- 
tion was with chlorsulforon at 2ppb or tonamydn at 50ppm. 

The SURB-Hra gene describe in EXAMPLE I was transform^ into tobacco cultivars by Aprobacterium tumefa- 
CigQS infection of tobacco leaf disks and progeny of the transfonnants were analyzoi to dennonstrate e)cpression of 
resistance at the whole plant level and inheritance of the herbdde resistance trait. Standard aseptic techniques for the 

TO manipulation of sterile m^ia and axenic plant/bacterial cultures were follow^, induding the use of a laminar flow hood 
for all transfers. Pott^ tobacco plants for leaf di^ infectior^ were grown in a growth chamber nrtaintain^ for a 12 hr, 
24*^0 day, 12 hr. 20*^0 night cycle, with approximately 80% RH. under mix^ cool white fluorescent and incandescent 
lights. Tobacco leaf disk infections were carri^ out essentially by the method of Horsch, R.B., Fry. J. E., Hoffmann, N. 
L, Eichholtz. D.. Rogers, S.G.. Fraley. R.T. (1985). Science 227: 1229-1231. 

75 Young leaves, not fully e)qf>anded and approximately 4-6 inches in length, were harvested with a scalpel from 
approximately 4-6 week old tobacco plants (Niootiana tabacum CV.NK326 or K14). The leaves were surface sterilized 
for 30 minutes by submerging them in approxin^ately 500 ml of a 10% Chlorox, 0.1% SDS solution and then rinsed 3 
times with sterile deionized water. Leaf disks. 6 mm in diameter, were prepared from whole leaves u^ng a sterile paper 
punch. 

20 Leaf disks were inoculated by submerging them for several minutes in 20 ml of a 1 :1 0 dilution of an ovemight Acrro- 
bacterium culture carrying the plasmid pAQSl52. Aorobacterium cultures were started by inoculating 10 ml of Min A 
(EXAi^^LE I) kxoth with a sngte bacterial coloiy removed form a [\/iin A plus tetracycline (EXAMPLE VI} plate The cul- 
ture was grown for approximately 17-20 hours in 18 mm glass culture tubes in a New Brunswick platform shaker main- 
tained at 28^C. 

25 After inoculation, the leaf disks were placed in petri dishes containing CN agar mecSum (EXAMPLE VI). The dishes 
were sealed with parafilm and incubated under mixed fluorescent arrd "Gro and Sho** plant lights (General Electric) for 
2-3 days in a culture room maintained at approximately 25''C. 

To rid the leaf disks of AgrobacterJum and to select for the growth of transformed tot^cco cells, the leaf disks were 
transferred to fresh CN medium containing 500 mg/1 cefotaxime and 100 nrtg/1 kanamycin. Cefotaxime was kept as a 

30 frozen 1 00 mg/ml stock solution and added aseptcaily (filter stehlized through a 0.45 \xm filter) to the media after auto- 
claving. A fresh kanamydn stock (50 mg/ml) was nr^de for each use artd was fitter sterilized into the autoclaved media. 

Leaf disks were incubated under the growth conditions desaibed above for 3 weeks and then transferred to fr^h 
media of the same composition. 

Approxirrately 1 -2 weeks late shoots developing on kanamydn-selected explants were exdsed with a sterile scal- 

35 pel and planted in A medium containing 100 mg/l kanamycin. Root formation on selective artd non-selective media was 
recorded within 3 weeks. Shoots wNch rooted in kanamydn were transferred to soil artd grown in a growth chamber as 
desatoed above. Aft^ 3 tb- 5 weeks, txit before flowering had occurred, leaf tissue was exdsed and use^i^ ALS 
assays as desaibed in EXA{\/iPLE VI. The r^ults of these assays, which Indicate that a hert)Iclde resistant fomi of ALS 
is b^ng produced, are shown in Table 9. The plants exhibiting herbidde resistant ALS activity were then nrtoved to a 

<J0 greenhouse where they were grown to maturity. Individual flowers were bagged to permit self-fertilization without cross- 
pollination. Mature seeds were harvested and progeny tests were conducted to determine Inheritance of the herbicide 
resistance trait. Seeds were surface sterilized as described above, dried and planted on SG medium (1/4 MS salts. 
0,75% sucrose. 0.8% Agar) in the presence or absence of herbicide (DPX-F6025. Classic®). Sensitive seeds germi- 
nated, but c£d not develop further. Results o^ the progeny analysis are shown in Table 9. A segregation ratio of 3 r^st- 

45 ant progeny to 1 sensitive indicated the presence of a single-site insertion of the SURB-Hra gene in the trasnformant 
t;%/hich was stably inherited. This was seen in 1 5 of 17 transformants. Higher ratios of resistant to sensitive progeny indi- 
cated nruiltiple insertions at unlinked positiore in the genome. The 15/1 ratio incficates the presence of 2 unlinked 
SURB-Hra genes and the 255/1 ratio indicates 4 unlinked SURB-Rra genes in the transformants K14 #40 and K14 #7, 
re^>ectively 

50 
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Table 9 



5 




% unniDit6d 
ALS Activity^ 


Progeny Resist- 
ant/Sensitive^ 


SeQfeQation 
Ratio Resist- 
ant/Sensitive 








lOOobb 


lOOObbp 






NK326(wT) 


7 






— 


10 


nk326 #1 


36 


98/37 


90^5 


3/1 




NK326#dc 


47 


163/49 


99/63 


3/1 




NK326#9d 


37 


288/67 


150^ 


3/1 


IS 


NK326 #10 


26 


93/31 


98^4 


3/1 




NK326 #10c 


56 


333/45 


290/76 


3/1 




K14wT 


7 










K14#7 


71 






255/1 


20 


K14#11 


52 






3/1 


1 


K14#27 


45 


129/45 


108/42 


3/1 




K14#29 


30 


192/46 


163/57 


3/1 


25 


K24#31 


44 


106/35 


99/34 


3/1 




K14#32c 


32 


140/65 


63^ 


3/1 




K14#40 


41 


218/18 


212^6 


15/1 




K14#41 


40 


255^5 


298/74 


3/1 


30 


K14#42 


29 


162/74 


77/72 


3/1 




K14#53 


37 


130/59 


149/139 


3/1 




K14#54 


34 


99^8 


92/43 


3/1 


35 


K14 #54A 


28 


137/55 


100/72 


3/1 



^The^ALS activrty in each fins is related to the activity in the absence of h^- 
bicide Which is taken as 1 00 percent. The suttonyturea herttciee used was 
DPX-f^6025 (Classic®) at a concentration ol iC^ppbi 
^Resistant progeny are abie to growth at the incficated concentrations of of 
40 herbictde DPX-F6025 (Oassic®). 



45 EXAMPLE VI 

To transform herbicide sensitive ton«to to resistance the SURB-Hra gene from tobacco, carried on the binary vec- 
tor pAGSl52 in tumefaciens strain LBA4404, was used (see EX/KMPLE I). 

Startdand aseptic techniques for the manipulation of sterile media and axenic plant/bacteriaJ cultures were followed, 
50 including the use of a laminar flow hood tor all transfers. 

Seeds of tonrato (Lycooersicon esculentum var. HerbsS Red Cherry) were surface sterilized tor 30 minute In a 1 0% 
Chlorox. 0.1% SDS solution and rinsed 3 times with sterile deionized water. The seeds were planted In Magenta boxes 
(Magenta Corp.) containing 100 ml of OMS agar m^ium and germinated under mixed fluorescent and 'Gro and Sho" 
plant lights (General Electric) in a culture room maintained at approcimately 25*'C. Cotyledons from 10-1 5 day old seed- 
55 lings were used tor Aprobacterium inoculation. 

Cotyledons were wounded by removing approximately 2 mm of tissue from each end of the cotyledon with a sterile 
scalpel. Wounded cotyledons were planted cn petri dishes on CTM agar medium either with or without 75^ acetosy- 
ringone (Aldrich Chemical). 
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In preparation for the cotyledon inoculation, a single bacterial colony from a Min A <!- tetracycline (1 M^g/ml) agar 
plate was inoculated into a flask containing 30 ml of Min A broth (EXAMPLE I) and grown for 2 days at 28*'C in a New 
Brunswick platform shaker. On the morning of the cotyledon inoculation, the bacterial culture was diluted with sterile 
Min A broth to an OD of 0.1 at 650 nM and allowed to multiply to an OD of 0.2 under the growth conditbns previously 

5 describe. This culture was then us^ undiluted for the inoculation. 

CTM agar plates containing the colyl^lon explants were flooded with 5 ml of the bacterial solution tor approxi- 
mately 5 minutes, before renKSval of the solution. The plates were then secure with Time Tape (Shamrock Scientif ic 
Specialty) on two skjes of the dish and tncubat^ for 2 days under mixed fluorescent and "Gro and Sho" plant lights 
(General Electric) at approximately 25*C for two days. 

10 To rid the plartt cultures of Aprobacterium and to select tor the growth of transformed tomato cells, the cotyledon 
explants were transferr^ to fresh CTM medium containing 500 nrtg/L cefotaxime and 50 mg^ karamydn artd Incu- 
bated under the same culture conditions described above for approximately 3 weeks. TTie cotyledons were than trans- 
ferred to fresh media of the same composition and selective agents as CTM but with 1/10 the zeatin concentration. 
After approximately 2-4 weeks, shoots developing off of kanamycin-selected cotyledons were excise artd planted 

IS In QMS media corrtaining 500 mg/L cefotaxime and 100 mg/L kanannycin. Tomato shoots which rooted in kanamycin 
after about 2-3 weeks were transferred to soil in 8" pots and covered with plastic bags. The plants were groftm under 
mixed fluorescent and incandescent lights for a 12 hr, 24*^0 day: 12 hr. 20^C night cycle, with approximately Q0% rela- 
tive humidity, for one week before removing the plastic t>ags. The plants were grown tor another 2-4 weeks before per- 
forming ALS assays. An increase of uninhibited ALS activity In the presence of tfie sulfonylurea Classic® In leaf extracts 

20 from transformed plants was demonstrated In these experiments (Table 10). 



Table 10 



ALS Activity of Wild-Type and Transformed Tomato 




Percent Uninhibited ALS Activity 




Oppb 


lOppb 


lOOppb 


lOOOppb 


Wild-type 


100 


15 


5 


4 


Transformant *r3 


100 


42 


25 


12 


Transfornwnt #4a 


100 


60 


42 


26 


Transformant #4b 


100 


29 


15 


5 


Transformant #4c 


100 


58 


43 


25 


Transformant #4d 


100 


29 


15 


10 



' ^TTie ALS adivHies in each tine are retattve to the activity in the 
^ fibsenceof herbicide which is taken as 100 percent. The sulto- 
nyturea compound t&ed was OPX-F6025, the active ingredient 
40 tn Classic® herbtdde. 



The assay for ALS activity in the absence or presence of hert>icide from transformed or untransformed plants was 
45 conducted as follows: 

1. Grind 2.5 grarrs of retativety young leaf tissue (4-6 inches in length) In a tissue homogenizer containing 10 ml 
extraction buffer (100 mM KHPO4) pH 7.5, 0.5 MgCl2. 10% glycerol, 1 mM pyruvate. 0.5 mM TPR 10 nM FAD) 
arrd 200 mg Polydar AT (BDH Biochemicals). Keep on ice. 
50 2. Honfx>genize extract for approximately 10 seconds in a polytron (Brinkman Instruments) on settirig $7. 

3. Centrifuge extract in a Sorvall SS-34 rotor. 20 min. 16K rpm. 4*C. 

4. Equilibrate PD-10 (Phamrada) columr« by washing with column buffer (100 mM KHPO4 pH 7.5, 0.5 mS^ MgCIa, 
10% glycerol, 1 rr^ pyruvate) 5 times. 

5. To plant extract supernatant, add cotd saturated (NH4)2S04 to achieve a 50% cut. Incubate on ice for 30 nrdn- 
55 ute& 

6. Centrifuge extract in SS-34 rotor. 20 minutes. 16K rpm. 4*C. Decant supernatant 

7. Resuspend pellet In 1 ml cdd column buffer. 

8. Load extract onto column and chase with a volume of column buffer to achieve total volume loaded equal to 2.5 
ml. Let this run through column. 
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a Bute proteins wHh 2X volume of extract loaded. Recover in 15 ml Falcon tube p)ac^ beneath column. 

1 0. Set up reaction for each extract in microfuge tut>es as follows: 350 fil reaction mix (200 nM pyruvate. 5 trM TPP. 
0.9 mM FAD, 5 mM KHPO4 pH 7.0), 50 jil of either 5 mM KHPO4 or desired sulfonylurea concentration, and 100 \i\ 
plant extract. 

1 1 . Incut^ate reaction for 1 hour, 30^C. 

12. To stop reaction, add 50 ^1 6 M H2SO4 arKi irTcut>ate at 60*C for 10 minutes. Spin in microfuge 5 minutes. 

13. Set up color development tut^es as follows: 500 ^1 0.5% aeatin, ruction tube supernatant 0.5 nrl a*napthol 
solution (1 .5 g a-napthol in 30 ml 2.5 N NaOH). Mix and heat at 60*^0 for 20 minutes. 

14. Vortex each tube and load 100 ^1 of each sannple into wells of microtiter plate. Read at OD 530. 
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Callus Induction Medium 



20 



25 



30 Shoot Induction Medium 



1 package of MS salts (Gibco Murashige 
Organics Medium) with 3% sucrcse 


per liter 


1 ml of 1 mg/ml NAA 


pH 5.8 


0.2 ml of 1 mg/ml BAP 




0.8% agar 





35 



40 



1 package of MS salts with 3% sucrose 


per liter 


1 ml of 1 mg/ml NAA 


pH 5.8 


1 ml of 1 mg/ml BAP 




0.8% agar 





45 



Root Induction Medium 



50 



55 



1 package of MS salts (without sucrose) 
10 grams sucrose 
0.8% agar 



per liter 
pH 5.8 
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Aarobacterium R-Medium 



Add 7.5 g agar to 440 ml H2O. autoclave, and k&ep at SS^'C. Add sterfle stocks of: 



5 0.5 Ml 1MMgS04 

0.5ml IMCaCfe 

10.0 ml 20% sucrose 

5.0 ml 1 00 mg/ml kanamycin 

50.0 mJ lOx salts (Na2HP04 » IH^O 60 g/l; 

10 KH2PO4. 30 g/l: NaCL 5 g/l; 
NH4CI, 10 g/l) 



75 1 pkg MS salts 

1 ml B5 vitamins, (per 100 ml: Nicotinic Acid 100 mg. thiamine, hydrochloride 1000 mg, pyridoxine hydrochbride 100 
mg. M-inosrtol 10.000 mg) 

3 mM MES 
3% glucose 
20 0.7% agar 
pH 5.7 

Autoclave and add 1 ml 1 mg/ml zeatrn stock 



25 QMS Medium 



1 pkg MS salts 
1 ml B5 vitamins (see above) 
3 mM MES 
30 3% suaose 
0.8% agar 
pH 5.7 

Min A ^ Tetracycline (1 uqJml) Medium 

35 

1. Add 7.5 g agar to 400 ml HgO 

2. Make stock: 



K2HP04 


5.25 Q 


KH2PO4 


2.25 g 


(NHJj SO4 


0.5 g 


Sodium Citrate 2H2O " 


0.25 g 







so 3. Make MgS04 • 7H2O stock o 20 g/l 00 ml, autodaved 

4. Make glucose stock s 20% solution, autodaved 

5. Make tetracycline stock » 1 .0 mg/ml In 6thanol/H20. 50% vA/ filter sterilized 

To make Min A medium -0- 1 fig/ml tetracyline: 
55 Mix (1) and (2) 

Add 0.5 ml of (3). 5 ml of (4). and 0.5 ml of (5) 
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YEB Medium 
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per liter 


Bacto Beef Extract 


5.0 g 


Bacto Yeast Extract 


1.0 g 


Peptone 


5.0 g 


Sucrose 


5.0 g 


MgS04 • 7H2O 


0.5 g 


Agar (opttonal) 


15.0 g 



20 Herfc^cide solutions: A 1 ppm stock solution of sulfonylurea herbicide can be made by dissolving 1 nrtg of herbicide 

in 100 ml of O.OIN NH4OH. and then diluting 1:10 with 5 nr^ KHPO4 pH 7.0. This stockwill suf- 
fice to assay herbicide concentrations of 1 00 or lower. If higher conc&itraiions are desired, 
dissolve 1 mg in 10 ml of 0.01 N NH4OH. etc. 
Herbicide dilutions: tn the standard assay. 50 ul of herbicide is added to 450 \jA assay mix and extract, tor a 1:10 

25 dilution of herbicide. So, for each concentration to be tested, a 10X solution In 5 xvM KHPO4 pH 

7.0 should be diluted from the stock solutioa 

EXAM P U EYH 

30 The tc^acco SURB-Hra gene encoding herbicide resistant ALS was used to transform Beta vuloaris (sugarbeet) to 
herbicide resistance by the following Aorobacterium tumefaciens mediated transformation procedure. 

In order to surface sterilize seecte. 50-100 seeds were placed in a 25 x 100mm sterile petri dish in laminar flow hood 
and 25-30ml of 70% ethanol was added. Seeds were agitated by hand 1-2 min.. the ethand was decanted, and 25- 
30ml 20% Clorox (20ml commercial bleach/80ml sterile HgO/l drop Tween 80) was added. The seeds were agitated on 
35 gyrotary shaker @ 40 rpm for 20 mins., and the bleach was decanted. The bleach sterilization was repeated 2 times for 
a total of 60 min.. and the sterilized se^s were rinsed 3 times for 5 nrtin. each with 25-30ml sterile H2O. 

To germinate the se^. tftey were plated on 1/2PQo agar solidified milium 12 se«l/50ml media/1 5x 150mfTrj^ri 
dish, and cultured @ 24*^0 in cEarkness. 

40 NOTE: 10-20% contamination of seed may be anticipate for a good, dean seed lot. For this reason seed is plated 
far apart on large plates and the germinations are monitored continuously and non-contaminated seed are trans- 
ferred to fresh plates. If contamination is fungal, then transfers are conducts in a laminar flow cabinet with the fan 
off. 

45 60-80% germination is expected for a good seed lot. Germination is not syncronous. An approxinr^tely 14 day 
period is required to obtain (a) all germinations and (b) sufficient elongation to provide many appropriate exptants. 

Prepare Aprobacterium overnight (0/N) suspension cultures as described in EXAMPLE I. Freshly plated Aorobacte- 
rium have shorter lag times than cultures stored for long periods at S^C. It is important that log phase bacteria is used 

so as inocuia. Therefore, some trial should be conducted to assure an overnight culture which reaches log phase (OD 
550mm 0.4-0.8) before hypocotyl inoculation). 

To prepare plant explants. hypocotyls were cut Into approximately 0.5cm sections with a sharp surgical blade, and 
plated immediately onto agar soRdrf ied PGq ^'^0.1 . Do not allow dessication or damage the wound by use of dull blade 
or by compressing with forceps. 

55 To inoculate explants. they were dipped individually into a log phase suspension of the appropriate Aarobacterium 
strain. They were immersed briefly (1 -3 sec.) and arrange in a grid pattern on a fresh plate: 25 explants/IOOnm plate 
of agar solicfif ied PQq °^/0.1 . 
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The explarrts were dried by leaving plates open in a laminar flow hood 10-30 min. This concentrates Aarobacteria 
onto the wound, tt also may limit possiUe damage by water logging. It is inrtportant tN)ugh, not to dessicate tissue. 
Close observation of this step is required. The plates were then sealed with parafilm and cultured at 24*^0 for 3 days. 
The explants were collected into liquid PG ^ ''/O.l containing cefotaxime 500)ig/ml in a 25 x 100mm petri dish, and 

5 shaken gently on a gyrotary shaker at 40 rpm for 1 hr. The media was decants, replaced with fresh counterselective 
media, and shaken g^ly for an additional 2 hrs. The explants were plat^ in grids. 25/1 00mm plate agar solidified PQ 
^-''/O.l containing cefotaxime 500Kg/mL and cultured at 24*^0 for 3 days. 

Selection for transformed plant cells was appii^ as follows. Explants were transferred to fresh plates of agar solid- 
if led PG ^*^y0.1 containing vancomycin lOO^ig/ml or chlorsulfuron, 2ng/ml as selective agents. The number of resistant 

10 colonies was counts after 20-30 days. More than one may be observed at each wound. Transfornrants were excised 
as follows. Callus was removed from the wound/explant wHh a surgical blade and cultured independently on fresh selec- 
tive media Some Aorobacterium can escape from counter-selection. Additional washes in cefotaxime containing liquid 
media are possible, as is repeated transfer to cefotaxime containing agar solidified plates. Under the suggested proto- 
col we observed approximately 15% explartt contamination, which was an acceptable loss. The results of a transfornrm- 

75 tion experiment using the sugarbeet line Beta vuioaris 87193 are shown in Table 11. The level of chlorsulfuron 
resistance in call! of E vulparis transformed with the SURB-Hra mutant ALS gene of totecco. is compared to that of 
untransfornn«J calli. These results demonstrate that the tot>acco SURB-Hra gene, encocfing herbidde-resistant ALS, 
can be expressed efficiently in sugarbeet. 

20 

Table 11 



Chlorsulfuron (ppb) 




0 


10 


30 


100 


300 


1000 


3000 


10000 


87193/152^ 
87193/0^ 


15/15 
15/15 


15/15 
0/15 


15/15 
0/15 


15/15 
nd 


15/15 
nd 


15/15 
nd 


3/15 
nd 


0/15 
nd 



^gfila vulQgris line 871 93 transtormed with Aorobacterium tumeteciens LBA4404 carrying 
plasmid pAGSl52. 
30 ^Urwraretormea Beta vutgarte line 87193. 
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M^ia and Ammendments 




Ingredient 


Stock 


(Rnal) 


AmtAiter 


1/2 PGo 


PQq Majors A 


10X 




50nti 




PGo Majors B 


100X 




5 




FeEDTA 


100X 




5 




B5 vitamins 


100X 




5 




MS micronutrier^ 


1000X 




1 




Sucrose 




1.5%wA< 


15gm 




Mes buff^ 




3mM 


SSOmg 




T.C. agar 




0.8%wA/ 


8gm 


pH5.7, autoclave sterile, dispense aspectcally into 15x1 50mm petri plates. 




Ingredient 


Stock 


(Final) 


AmtTLiter 


PGo ° Vo.l 


PGo Majors A 


10X 




IpOn^ 




PGo Majors B 


100X 




10 




FeEDTA 


100X 




10 




B5 vitamins 


100X 




10 




MS micronutrients 


1000X 




1 




Sucrose 




3.0%wA^ 


30gm 




Mes buff©- 




3mM 


330mg 




24-D 


Img/ml 




lOOfd 




B1AP 


Img/ml 




lOOpJ 


pH5.7. autoclave sterile. 

POo ^ agar solidified, as above except with TC. agar 0.8%w/v. Dis- 
pense 25ml/25x100 petri dish. 
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Stock Solutions 


5 


Stock 




MW 




Amrujrrt/Lrtftf 




PGo Majors A 


KNO3 


101.1 


19.8mM 


20 




(10X) 


(NH>i)9S0ii 


132.14 


3 


4 






KCI 


74.55 


8 


6 


10 




MgS04.7H20 


146.5 


2 


5 






CaOz.SHgO 


147.0 


2 


3 




PGo Majors B 
(100X) 


NaH2P04 


120.0 


2.1mM 


25 


IS 


Fe EDTA 
(100X)M 


FeS04 ^HgO 
NagEDTA 




100)im 
I00}im 


2.78gm 
3.72 




Dissolve EDTA first. pH3.0. Store 


@ 4"C. dark 




20 


B5 vitamins 
(100X) 


Nicotinic actd 
Thiamine HCI 
Pyridoxine HCI 
Myo-inositol 




img/lit 

10 

1 

100 


0.1 gm 
1.0 
0.1 
10 


25 


MS micronu- 

trients 

(1000X) 


MnCl2 4H2O 
H3BO3 
ZnS04 7H2O 


197.9 

01.8 

287.5 


100)im 

100 

30 


19800mg 

6200 

8625 


30 




Kl 


166 


3 


830 






NaMo04 2H2O 


206 


1.2 


250 






CUSO4 5H2O 


249.7 


0.1 


25 


35 




coa2 6H2O 


237.9 


0.1 


25 


Dissolve MnQ2 4H2O in dil HQ 

Dissolve one at a time and completely before adding next. 
Botl^ cool. pH 4.0. store dark at 4''C. 



40 



EXAMPLE VIII 

^ The tobacco SURB-Hra gene encoding hert)ictde resistant ALS was us^ to transform Brassica naois cv. Olga by 
the following Agrobacterium tumefaciens mediate transformation procedure. 

To surface sterilize seed, they were immersed for 1 min. in 70% ethanol. then 30-60 nrdn. in Clorooc/Tween (see 
EXAMPLE VII). The surface sterilized seeds were germinated oni/2 MS. 1/2 PGO (SEE EXAMPLE VII). 24<'C in the 
dark. At 5-10 days post germination, hypocotyls were divided into 0.5cm sections and placed on solid I medium con* 
50 taining Acetosyrigone 100 ^ (lASlOO). 

InvT^iately the explante were dipped Ir^ivtdualty into a log phase suspension of LB A 4404 containing binary plas- 
midpAGSlS. 

The explants were plated back onto IAS 100. The Agrobacterium droplet was carefully dried down onto the tissue 
by leaving the plate open in a laminar flow hood. Co-cuHivation was conducted at 24*'C In low light or darkn^s for 3 
55 days. 

After 3 days the explants were collects into liquid I medium containing cefotaxime 500mg/L in 100x25mm patrl 
dishes, and shaken on a gyrotory shaker at 40ipm for 3 hrs. 

The explants were plated on soltd I medium containing cefotaxime 500mg/mU and cultured for 3 days at 24^*0 in 
low light. 
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The explartts were plat^ on soiki I m^um containing vancomycin 100 mg/L and kananrtycin 100 nrtg/L 
After about 1 ntonth transformed callus appear^ as discreet nodules at the ends of explartts. 
As nodules appeared, they were excise with a sharp scalpel and plac^ on solid I medium containing l^namyctn 
100 mg/L 

5 When transform^ callus reached a sufficient size (0.5cm diameter) H was transferred to KR m^ium containing 
kanamycin 100 mg/L This material regenerates fastest if it Is plated on fresh media every two weeks. Roots were 
regenerated on 1/2 MS containing IBA 2|im. 

In one experiment of 1 00 wound sites (either end of 0.5cm hypocotyt sector) 20 developed callus tissue which was 
resistant to kanamycin (100 vng/Q. Five of the 20 transformed cell lines were subsequently Induced to regenerate on 

10 kanamycin and somatic sik}lings for each regenerant genotype were produced by nodal multiplication. These plants 
were sprayed with various chlorsutfuron concentrations ar^ the results are summarized In TabSe 12. Two of the five 
transtormants are resistant to chtorsulfuron at levels which are about 10 tim^ greater than that which is lethal to control 
(untransformed) plants. 

IS 

Table 12 





0.3 ppm 


1 ppm 


3 ppm 


10 ppm 


untransformed 


++ 


+ 






Ro^^l 


++ 






+ 


Ro#2 


++ 








Ro#3 


++ 








Ro#4 










Rq ^ 


+++ 








+++ normal grovifth, no axial indiKrtion 

-M- reduced growth, sutslethal at apis, axial induction 

reduced growth, lethal at apis, axial induction 
- lethal 



To further demonstrate the expression of the SURB-Hra g&\e in transformed Brassica nanus, an ALS assay in the 
3S presence of the herbicide chlorsulfuron was performed as described in EXAMPLE VL The ALS activities of the untrans- 
formed parent and transformant R© #5 (Table 12) were compared (Table 13). A consistent increase in the percent unin- 
hibited ALS activity was observed in the transformant. Thus, the tol^cco SURB-Hra gene, encoding herbicide-resistSht 
ALS. can be expressed in Brassica nanus, but thai expression is not efficient. /Addition of Brassica naous nucleotide 
regulatory sequences woukJ be expected to increase the level of expressbn of hertxcide rea'stant ALS and the lev^ of 
40 tolerance to foliar application of the herfolctde. 



Table 13 



ALS Activity of Wild Type and Transfornrted Brassica napus 




Percent Uninhtoited ALS Activity^ 




Oppb 


ippb 


lOppb 


lOOppb 


lOOOppb 


Wild Type 


100.0 


86.6 


28.2 


10.1 


7.6 


Transformant Ro#5 


100.0 


88.1 


36.6 


20.1 


14.5 



^The ALS activittas are relative to that cn the absenos o1 hertKCtds which Is 
taken as 1 00 percent. The suKonylurea compound used was chlor^tfuron 
(DPX-W4189), the active ingredient tn Gtean® hertnctda. 
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Culture Media 


5 


1 Media 




Ingredient 


Stock 


(Final) 


Amount/Liter 




MS Major Sate 


10X 




100 m! 


10 


MS Micronutriertts 


1000X 




1 ml 




Fe EDTA 


100X 




10 mJ 




1 Vitamins 


100X 




10 mJ 




2.4-D 


1mg/ml 




0.2 mJ 


IS 


Kinetin 


1mg/ml 




3mJ 




Sucrose 




3%w/v 


30 gm 




Mannitol 




1.8%w/v 


18.2 gm 


20 


T.C. agar 




0.8%w/v 


8gm 




Mes Buffer 




3mM 


0.59 gm 




pH 5.7. autoclave sterile 


25 


KR Media 


Ingr^ient 


Stock 


(Final) 


Amount/Liter 




K3 Major Salts 


10X 




100 ml 




CaCl2 2H2O 


100X 




10 ml 


30 


MS Micronutrients 


1000X 




1 ma 




Fe EDTA 


100X 




10 m! 




B5 Vitamins 


100X 




10 ml 


3S - 


Zeatin' 


ImQ/rnI 




2m3 


lAA* 


Img/ml 




0.1 mJ 




Sudpose 




1%wA/ 


10 gm 




Xyldse 




0.025%w/v 


0.25 gm 




Agarose (Type 1 . low E/Eo) 




0.25% whf 


2.5 gm 




Mes Buffer 




3mM 


0.59 gm 




pH 5.7. autoclave sterile 



*acld these f i^er sterilized components aseplically 
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Brassica naous 


Stock Solutions 


Stock 


Ingr^ient 


(Stock) 


(Final) 


Anrtount/LJter 


MS Major Salts 


NH4NO3 


10X 


20.5 mM 


16.5 gm 




KNO3 




18.8 


19.0 




MgS04 7H2O 




1.5 


3.7 




KH2PO4 




1.25 


1.7 




CaCl2 2H2O 




3.0 


4.4 


K3 Major Salts 


KNO3 


10X 


25.0 mM 


25.0 gm 




(NH4)2S04 




1.0 


1.34 




MgS04 7 H2O 




1.0 


2.5 




KH2PO4 




1.5 


2.01 




NH4NO3 




3.1 


2.5 


CaClg 2H2O 


CaClg 2H2O 


100X 


6.3 mM 


92.3 gm 


MS Micronutrients 


MNCI2 


1000X 


100 \xm 


19800 mg 




H3BO3 




100 


6200 




2nS04 7H2O 




30 


8625 




Kl 




5 


830 




NaMo04 2H2O 




1.2 


250 




CUSO4 3H2O 




0.1 


23 




C0CI2 6 HgO 




0.1 


25 


Fe EDTA 


Na2 EDTA 


100X 


100 }m\ 


3.73 gm 




FeS04 7H2O 




100 


2.78 


1 Vitamins 


Myo-lnositol 


100X 


lOOmg/i 


lOOOmg 


r , 


Thiamine 




0.5 


50 


\ 


Gyycine 




2.0 


200 




Nicotirtjc acid 




5.0 


500 




Pyrodoxine 




0.5 


50 




Folic acid 




0.5 


50 




Biotin 




0.05 


5 



EXAMPLE IX 

The tobacco SURB-Hra gena encoding herbicide resistant ALS was used to transform Cucumis melo cv. Arrarillo 
Oro (melon) to herbicide resistance by the following Aprobacterium tumefaciens mediated transformatton procedure. A 
reference to this procedure is Moreno. V.. et al. Plant regeneration from calli of melon. Plant Cell Tissue Organ Culture. 
5(1985) 139-146. 

Surface sterilization of seeds was greatly facilitated by f rst removing the seed coat. The seeds were then sterilized 
by rinsing in 70% ethanol for 2 min. then washing in QoroxTTween (see EXAMPLE VII) for 20 mine. The sterile seeds 
were washed 3 times in sterile distilled H2O and g&'minated on OMS at 24^0 with a 16 hr. day length. 
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Cotyledons of 7-1 4 day old melon sellings were cut into 5 mm slices with a fresh, sharp sca^el. These escptants 
were dipped into a log phase Aarofoacterium culture prepared as descrbed in EXAMPLE I, transfen^ed to fresh co-cul- 
tivation plates artd cultured at 24"C vi^h 16 hr. days for 3 days. 

The t)acteria were killed by washing the explartts tor 3 hrs. with gentle agitation in washir^ media and cultured on 
5 fresh selection plates. 

The explants were siixuttured every 3-4 weeks, dissecting the more compact, darker green sectors away from the 
white fluffier callus. 

When "morphogenic" callus (very dark green, compact, pertiaps some recognizable leaves) was seen, rt was trans- 
fOTed to regeneration media. The tissue can go directly to shoots instead of going through the nrtorphogenic stage. 
10 Shoots were root^ in rooting media. Approximatety 70% of the e»plants developed callus resistant to kanamycin at 
100^m/i. Transformed callus was put on media containing increasing concentrations of chlorsulfuron and growth In the 
presence of herbicide was determined by weighing the callus after 30 days (Table 14). Some transfcnrnants grew as well 
at high concentrations of chlorsulfuron (lOOOppb) as in its at)sence. e.g. Trans 1 . Trans 2 and Trans 7. Thus the tobacco 
SURB-Hra gene can function to transform melon to high level herbicide resistar^. 
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Table 14 



20 


Chlorsul- 

II VI 9WI 

furon ppb 


Non- 
trans- 
formed 


Trans 1 


Trans 2 


Trans 3 


Trans 4 


Trans 5 


* 


0 


5.7 


30.4 


30.4 


30.4 


30.4 


30.4 




50 


0 


44.5 


19.5 


10 


14 


175 


25 


100 


0 


25.9 


0 


7.5 


16.6 


70 


500 


0 


51.9 


14.8 


0 


0 


3.7 




1(X)0 


0 


46 


26 


11.7 


10 


5.7 




2000 


0 


19.1 


8 


28.7 


5 


0 


30 


3000 


0 


15.2 


18 


0 


0 


0 




4000 


0 


41.9 


3.3 


0 


0 


0 




5000 


0 


14.4 


0 


3.6 


0 


0 


35 






Trans 6 


Trans 7 


Trans 8 


Trans 9 


Trans 10 








30.4 


26.4 


28.3 


27.2 


40 








28.8 


46.5 


18.1 


27.3 


40 








18.3 


25.5 


14.9 


11.1 


39 


00 






2 


16.1 


2 


10.4 


18.6 








4.7 


19.3 


2.6 


9 


27.6 








0 


19.3 


0 


8.8 


23.5 


45 






0 


17.1 


10 


13.7 


17.6 








0 


20.7 


3.4 


3 


7.6 








0 


26.5 


• 7.4 


2.6 


8.9 




Measurements indicate fold inCTease in weight of callus. 
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10 



QMS 


MS Salts and Fe EDTA 


IX 


B5 Vitamins 


IX 


Sucrose 


3% 


MES 


3mM 


pH5.7 


T.C. agar 


0.8% 


AutodavG 20 min. 



20 



Baste medium 


MS Salts and Fe EDTA 


1X 


Myo inositol 


lOOmg/l 


Thiamine 


1nr^g/l 


Sucrose 


3% 


MES 


3mM 


pH 5.7 


T.C. agar 


0.8% 


Autoclave 20 min. 



35 

CO-ftJltivatiQn Mgqiwm is Pa^cmgdigrri plus: 
40 Acetosyringone 100 fim (acetosyringone is kept as a lOOmM stock in DMSO) 



Kinetin 


emg/l 


lAA 


1^mg/! 



so 
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Washing Medium is Basic Medium without agar plus: 



Cefotaxime 


500mg/l 


Kinetin 


6mg/l 


lAA 


1.5mg/l 



Selection Medium is Basic Medium plus: 



Kinetin 


6mg/I 


lAA 


1.5mg/I 


Vancomycin 


100mg/l 



One of the following selective drugs depending upon Aqrobacterium construction: 



Kanamycin 


100 


wqA 


Hygromydn 


50 


mg/I 


Chlorsutfurcxi 


100 


mg/l 



Regeneration Medium is Bk^c Medium plus: 



BAP 


0.1 mg/l 


Vancomycin 


100 rng/\ 



Selective drugs as above 
Rooting Medium is QMS plus: 



IBA 


2)im 


Vancomycin 


100 mg/l 



Selective drugs as above 
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The tobacco SURB-Hra gene encoding herbicide resistant ALS was us&H to transform Medicaqo sativa cv. Range- 
lander (alfate) to herbicide resistance by the follovving Aprobacterium tumefaciens moSiated transformation procedure. 
5 A reference to this proc^ure is Deak. M.. Kiss. G., Koncz. C. and DiKJrts. D. Transformation of Medicaao by Aarobac- 
terium mediated gene transfer (preprint). 

Plants were grown and subcultured In OMS. The naterials used were petioles and stem segments (5mm In length) 
from plants about 2 months from the last subculture. 

The petioles and stems of sterile plants were cut into 5mm lengths with a fresh, sharp scalpel. Th^e explants were 
10 dipped into a log phase Agrobacterium culture prepared as described in EXAMPLE I. transferr^ to fresh co-culth/ation 
plates, and culture at 24*^0 with 16 hr. days for 3 days. 

The bacteria were killed by washing the eotplants for 3 hrs. with gentle agitation in washing media, and cultured on 
fresh selection plates. 

The explants were sutx:ultured every 3-4 weeks. In atxnjt 1 month transformed callus growirtg out of the wounded 
75 ends of the explants was seen, dissected away from the explant and plated on fresh selection media. When callie 
became more organized, (areas are darker green arid more compact) It was transferr^ to fresh maturation media. 

When developed emtxyos appeared, they were transferred to germination media. After germination, the snail 
plants were grown on the same medium. 

Less than 1% of explants developed callus resistant to Nanamycin at lOOmg^ Kanamydn resistant sectors were 
20 found to be resistant to the hert^ictde chlorsulfuron at 50 ppb. Three shoots were produced from tanamycin resistant 
callus. Tissue from these transformants was assessed for herbicide resistant growth ever a range of chlorsulfuron con- 
centrations. One transformant was able to grow at 1 0OOppb chlorsulfuron; the other two were able to grow at 5000ppb. 
Thus, the tobacco SURB-Hra gene can function to transform alfalfa to high level hert»cide resistance. 

25 Media 



OMS 


MS Salts and Fe EDTA 


IX 


B5 Vitamins 


IX 


Suaose 


3% 


MES 


3mM 


pH 5.7 


T.C. agar 


0.8% 


Autoclave 20 min 
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Basic Medium 


MS Salts and Fe EDTA 


IX 


UM Vitanr^ns 


IX* 


Suaose 


3% 


pH 5.7 


TC. agar 


0.8% 


Autoclave 20 min. 



•100X UM vitamins 
(amounts given for 100ml of 
lOOx stock) 



Thiamine HCI 




Nicotinic add 


0.5g 


Pyridoxine HCI 


10 


Myo inositol 


lOg 


Glycine 


0.2g 



Basic Medium plus 

Acetosyringone 100fi^ (Acetosyringone Is kept as a stock of lOOmM in DMSO) 



2,4-0 




BAP 


0.2mg/l 



BflS'C M^\m withPt4 flpflr Plus 



Cefotaxime 


500mg/l 


2.4-D 


OJStrtQA 


BAP 


O^mg/1 
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Basic Medium plus 

5 





2.4-D 


0.5mg/l 


10 


BAP 


0.2mg/l 




Vancomycin 


100mg/l 



75 One of the following selective drugs, depending upon Aarobacterium construction: 





Hygromycin 


50mg/l 


20 


Chlorsulfuron 


100mg/l 



Maturation Medium 

25 

Same as selection medium without 2.4-D 
Germination Medium 
30 p^gipMediyffnplus 
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40 



50 



Vancomycin 100mg/l 



Selective drugs as above 
Claims 

1 . A method for obtainirrg a herbictde-resistant plarrt cell conrtprising: 

45 a) transforming plant cells with an isolated nucleic add fragment comprising a nucleotide sequence corre- 

sponding at least in part to a plam ALS gene which encodes a herbicide-resistant ALS protein, ard a regula- 
tory s^uence providing expression in plant cells; 



b) testing the plant cells for ability to grow in the presence of nornr^lty inhibitory concentrations of the herbictde; 

c) selecting said herbidde-resistant plarrt cell. 



2. A method of claim 1 including the step of isolating or constructing said nucleic acid fragmertt comprising a nude- 
otide sequence corresponding at least in part to a plant ALS g^e which ertcodes a herbidde-resistant ALS protein. 

55 and a regulatory sequence providing expression in plant cells. 

3. A method for obtaining a herbictde-reststant plant comprising: 
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a) transforming planis with an isdat^ nucleic add fragment comprising a nucleotide sequem^e con-esportding 
at least in part to a plant ALS gene which encodes a herbicide-resistant ALS protein, arxJ a regulatory 
sequence providing expression in plant cells: 

5 b) testing the plants for at»lity to grow in the presence of normally tnhS^itory concentrations of the h&bicide; 

c) selecting said herbicide-resistant plant 

^. A metiod of claim 3 Including the step of Isolating or constructing said nucleic ackJ fragment comprising a nude* 
10 otide sequence corresponding at l^t in part to a plant ALS gene which encodes a herbicide-resistant ALS protein, 
and a regulatory sequence provtdir^ expression in plant cells. 

5. The method of any claims 1 to 4 wherein the plant ALS is resistant to hert^ccdes of the classes d^lgnated sultony- 
lureas. triazolopyrimidine sutfonamxies or imtdazdinones. 

75 

6. An isolate nudeic acid fragment conrprising a nucleotide sequence corresponding at least in part to a plant ALS 
gene which encodes a herbicide-resistant ALS protein, and a r^ulatory sequence providing expression in plant 
cells. 

20 7. A method for preparing a nucleic acid fragment comprising a nucleotide s^uence encoding acetolactate syrrthase, 
said nudeic add fragment conferring increased sulfonylurea herbickie resistance on a plant in which said fragment 
is operative which conrprises: 

a) isolating a mutant nucleic add fragment encoding acetolactate synthase which exhibits irrcreased resistance 
25 to one or more sulfonylurea herbiddes; 

b) determining the 6ite(8) of amino acid substitution in said acetolactate synthase which confer(8) resistance 
on said acetolactate synthase by comparison of the DNA sequence of said mutant nudeic add fragment with 
the DNA sequence of a witd type nudeic acid fragment encoding acetolactate synthase which is sensitive to 

30 sulfonylurea hert>icides: and 

c) introdudng a mutation into a rujdeic acid fragment comprising a nucleotide sequertce corresponding at least 
in part to a plant ALS gene, and a regulatory sequence providing expression in plant cells, which nujtatbn 
results in amino add substitution at site(8) which corre^x>nd with said site(s) of amino aced substitution in satd 

3S acetolactate synthase which exhibits increased resistance to sulfonylurea herbicides. 

8. A method for preparing a nucleic acid fragment comprlsirrg a nucleotide sequence encoding acetolactate ^yfi^se, 
said nudeic add fragmem conferring increased sulfonylurea herbicide resistance on a plant in which said fragment 
is operative, which comprises: 

a) sel^ng a sulfonylurea hert}jdde-resistant plant mutant; and 

b) isolating a rmdeic acid fragrr>®nt comprising a nudeotide sequence corre^nding at l^st in part to a plant 
ALS gene which encodes a herbidde-resietant ALS protein, and a regulatory sequence providing expresston 

<S5 in plant cells from the nuitant ^arrt. 

9. A nudeic actd construct comprising a ruideic add fragment as daim^ in claim 6 linked to a second nuctetc acid 
fragment confening a second trait such that when said nudSc acid construct is utilised to trar^torm a plant, the 
Qxpresson of hertjictde resistance by said plant upon application of sulfonylurea compounds can be utilised to 

so detect the presence of said second nud^c add fragment in said plant. 

HO. A microorganism containing a nudeic add fragment or nudeic add construct as claimed In dalm 6 or 9. 
m . A plant cell transfornrted with a nudeic acid fragment or nucleic add construct as daimed in daim 6 or 9. 

55 

12. A plant tissue culture transformed with a nucleic acid fragment or nucleic add construct as claimed in daim 6 or 9. 

13. A plant containing a nucleic add fragmerrt or nudeic actd construct as claimed in claim 6 or 9. 
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14. Seed containing a nucleic acid fragment or niKleic acid construct as claimed in claim 6 or 9. ot^ained by growing 
a plant as claimed In claim 13. 

15. A method tor controlling the growth of undesired vegetation growing at a locus where a plant as claimed in claim 
13 has been cultivated comprising applying to the locus an effective amount of herbicide to which said plant is 
resistant. 
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